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PREFACE. 


The  first  part  of  this  little  treatise  was  written  and 
printed  as  the  introduction  to  my  “ Researches  intended 
to  promote  an  Improved  Chemical  Identification  of 
Diseases,”  which  have  been  published  in  several 
numbers  of  the  annual  “ Report  of  the  Medical  Officer 
of  the  Privy  Council.”  It  has  been  found  so  useful  in 
my  experience  as  a teacher,  that  I have,  with  the 
permission  of  Mr.  Simon,  ventured  to  reproduce  it  in 
the  present  form.  It  is  a complete  but  concise  epitome 
of  the  branch  of  science  commonly  termed  “ physio- 
logical or  animal  chemistry,”  and  will  be  found  to 
contain  its  latest  acquisitions.  Any  medical  student 
who  possesses  the  information  which  it  contains  will 
be  enabled  to  meet  the  requirements,  so  far  as  concerns 
this  particular  subject,  of  any  of  the  examining  and 
licensing  bodies  in  this  country  and  abroad.  To  the 
student  in  Chemistry,  Physiology,  or  Science,  it  offers 
a ready  help  to  the  acquisition  of  elementary  know- 
ledge, upon  the  basis  of  which  he  can  afterwards  place 
the  superstructure  of  more  extended  and  detailed 
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studies.  To  my  colleagues  of  tlie  Medical  Profession 
it  will  afford  an  easy  bird’s-eye  view  of  the  chemical 
features  of  the  field  of  their  thoughts  and  action.  Its 
perusal  will  involve  no  unreasonable  tax  upon  the  time 
of  any  reader  or  student,  and  occasional  reference  to 
particular  points  is  facilitated  by  marginal  notes  and  a 
short  alphabetical  index. 

The  second  part  of  the  work  is  an  Analytical  Guide 
for  the  use  of  those  who  desire  to  make  themselves 
practically  acquainted  with  the  phenomena  and  con- 
stituents of  animal  bodies.  It  is  therefore  not  de- 
scriptive in  the  sense  in  which  ordinary  chemical  text- 
books may  be  said  to  be  so,  but  prescriptive  in  the  style 
and  manner  of  pharmacopoeias.  It  directs  the  student 
how  to  proceed  in  order  to  arrive  at  a certain  result, 
leaving  him  in  most  cases  to  appreciate  the  result  of 
his  operation  by  his  own  reflection.  The  guide  is 
perhaps  the  most  elementary  that  could  be  written  for 
any  practical  purpose,  and  yet  I think  it  improbable 
that  ordinary  students  of  medicine  will  easily  go 
through  the  whole  of  its  matter  in  the  laboratory.  I 
hope,  therefore,  that  teachers  of  chemistry  who  wall 
make  use  of  the  Guide  in  their  classes  will  select  the 
reactions  and  analyses  to  be  performed  by  each  student 
according  to  his  knowledge,  ability,  and  intentions. 


This  little  treatise  summarises  much  of  the  method 
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pursued,  and  many  of  the  results  arrived  at  in  my 
laboratory  during  many  years  of  patient  inquiry.  In 
the  compilation  of  the  Analytical  Guide  I have  received 
much  valuable  help  from  my  esteemed  assistants,  Mr. 
F.  J.  M.  Page,  and  Mr.  C.  G.  Stewart,  for  which  I 
here  express  to  them  my  sincere  thanks. 

THE  AUTHOR. 


3,  Pembroke  Road,  Kensington,  W. ; 
April,  1872. 


CHEMICAL  PHYSIOLOGY, 

AND 

ITS  POINTS  OF  CONTACT  WITH  PATHOLOGY. 


The  food  of  man,  variously  prepared  by  mechanical  Digestion, 
processes  and  chemical  operations  (cooking),  is  com- 
minuted in  the  mouth  by  chewing.  At  the  same 
time  it  is  mixed  with  a variety  of  fluids,  some  of 
which  have  chemical  powers  and  predispose  the  food 
to  a change,  while  others  serve  mechanical  objects 
only.  The  mixture  of  these  fluids  is  termed  saliva ; saliva, 
but  however  homogeneous  may  appear  that  mixture, 
the  properties  of  its  components  are  very  various. 

For  the  secretion  of  every  particular  kind  of  glands, 
of  which  there  are  four,  differs,  and  the  secretion 
of  one  and  the  same  gland  or  set  of  glands  may  vary 
according  to  the  agencies  which  call  them  into  action. 
Underneath  the  forepart  of  the  tongue  is  secreted  from 
one  and  the  same  duct  the  saliva  of  a gland  which 
lies  under  the  tongue  (sublingual),  and  that  of  two 
other  glands  which  lie  farther  back  on  both  sides  of 
the  tongue  underneath  the  lower  jaw  (submaxillary 
glands).  To  collect  either  of  these  secretions  little 
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tubes  have  to  be  carefully  introduced  into  tlie  respective 
ducts,  which  is  a matter  of  some  difficulty.  For  this 
reason  the  chemical  composition  of  the  secretions  of 
the  separate  glands  is  very  imperfectly  known.  Ex- 
periments upon  animals  have  shown  that  these  glands 
can  give  four  different  kinds  of  secretion,  according  to 
the  nerves  which  are  irritated  for  the  purpose.  One 
nerve,  a branch  of  the  facial,  and  a continuation  of  the 
chord  of  the  tympanum,  on  irritation  causes  a clear, 
slightly  ropy  secretion  from  the  submaxillary  glands, 
ciiordai  This  “ chordal  ” saliva  contains  about  4 per  cent,  of 

Saliva.  _ 

solid  matters,  of  which  1*5  are  globuline,  mucine,  and 
coagulable  albumen  ; 2*5  per  cent,  are  mineral,  mainly 
alkahne  chlorides  and  lime-salts;  of  these  latter  the 
carbonate,  dissolved  in  excess  of  carbonic  acid,  fre- 
quently decomposes  in  the  mouth,  and  deposits  crusts 
of  lime  carbonate  upon  the  teeth,  which  are  popu- 
sympathetic  farly  called  tartar.  On  irritation  of  the  sympathetic 
nerve  the  submaxillary  glands  secrete  an  opaque  very 
tough  saliva.  This  contains  from  15  to  28  per  mille 
of  solids,  amongst  which  is  mucine,  and  granules  or 
roundish  lumps  of  an  albuminous  matter,  and  much 
Ganglionic  free  alkali.  The  third  kind  of  saliva  is  that  which 

saliva. 

flows  when  the  submaxillary  ganglion  is  made  the 
centre  of  a reflex  action  which  works  by  way  of  the 
lingual  nerve.  This  is  the  only  secretory  act  without 
the  intervention  of  cerebro-spinal  influence  that  is 
known  at  present.  The  fourth  kind  of  saliva  is  the 
Paralytic  “ paralytic  ” or  thin  watery  fluid  which  is  secreted  under 

s&livd  ** 

the  influence  of  nervous  paralysis,  caused  either  by 
degeneration,  or  poisoning,  or  wounds  which  separate 
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tlie  secretory  nerves.  Its  composition  is  not  yet 
ascertained. 

The  mixture  of  sublingual  and  submaxillary  saliva 
in  man  (not  in  animals)  contains  rhodanate  or  sulpho- 
cyanate  (also  termed  rliodanide  or  sulphocyanide)  of 
potassium  and  sodium  C N K S,  and  C N Na  S,  recog- 
nised by  the  red  colour  which  iron-chloride  imparts  to 
saliva,  or  to  the  distillate  obtained  from  it  with  acids. 
This  phenomenon  admits  at  present  of  no  particular 
theory. 

The  saliva  which  is  secreted  by  the  parotid  glands  can 
easily  be  collected  by  the  introduction  of  canuke  into 
the  ducts.  It  is  an  alkaline,  hardly  viscous  fluid,  which 
contains  a little  albumen,  some  globuline,  a particular 
ferment  termed  ptyaline,  but  no  mucine.  It  contains 
much  rhodanate,  and  is  the  most  suitable  material  for 
preparing  the  distillate  of  rhodanic  acid.  It  contains, 
water  995*3;  solids  4*7;  of  these  are  organic  1*4; 
mineral  3*3  ; of  the  latter  there  is  lime  carbonate  1*2. 
The  parotid  saliva  transforms  starch  into  sugar  by 
means  of  the  ferment  termed  ptyaline.  This  is  the 
only  agent  in  saliva  which  has  that  power.  It  can  be 
isolated  by  adding  phosphoric  acid  and  subsequently 
lime  to  saliva.  Ptyaline  adheres  to  the  phosphate,  is 
washed  out  by  water,  and  precipitated  by  alcohol.  It 
contains  nitrogen  but  is  not  albuminous,  refusing  to 
yield  the  xanthoproteic  acid  reaction  with  nitric  acid. 
The  diastase  of  malt  has  a similar  action  used  in  trade 
fermentations.  An  interesting  and  important  applica- 
tion has  lately  been  made  of  diastase  by  Baron  Liebig*, 
for  the  production  of  a food  for  infants,  which  supplies 
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Diastase. 
Liebig’s  food. 


Emulsine  or 
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Starch. 


efficiently  tlie  want  of  alkali  and  ptyaline  in  the  diges- 
tive juices  of  children  who  are  being  brought  up  with- 
out mother’s  milk,  or  with  such  as  is  not  in  a healthy 
state.  Diastase  acts  best  at  6C°  C,  while  ptyaline  is 
destroyed  at  60°  C.  An  agent  similar  to  ptyaline  is 
emulsine,  or  synaptase  of  almonds,  which  has  been 
recommended  as  a dietetic  remedy  in  diabetes.  But  it 
does  not  seem  to  affect  starch  in  any  way,  although 
decomposing  amygdaline  and  salicine. 

Oil  of  bitter  Prussic 

Amygdaline.  Water.  almonds.  acid.  Sugar. 

C^ion  + 2H^O  = CtSJ)  + CHN  + 

Salicine.  Water.  Saligenine.  Sugar. 

C~E~0^  + BkO  = C^A  + CAA 

In  these  transformations  sugar  is  a collateral  pro- 
duct, while  in  that  of  starch  by  ptyaline  or  diastase  it 
is  the  only  product. 

Starch  consists  of  two  bodies,  which  in  the  little 
granules  are  disposed  in  alternating  layers.  The  first 
is  granulose,  and  has  the  property  of  being  coloured 
blue  at  once  by  free  iodine.  The  second  is  cellulose, 
not  coloured  blue  by  iodine  at  once,  but  only  after 
sulphuric  acid  or  zinc-chloride  has  been  allowed  to  act 
upon  it.  When  unboiled  starch  is  mixed  and  digested 
with  saliva  for  days,  the  granulose  is  dissolved  out  of 
the  corpuscles  and  transformed  into  dextrine  and 
sugar,  and  the  cellulose  only  is  left.  At  higher 
temperatures  this  also  is  changed.  Boiled  starch  is 
more  easily  transformed,  as  the  granules  are  burst  and 
admit  the  altering  juices  between  their  layers  with 
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facility.  The  first  symptom  of  the  addition  of  saliva 
to  boiled  and  cooled  (to  40°  C)  starch  or  pap  is  increased 
fluidity,  indicating  the  formation  of  soluble  starch  and 
dextrine.  At  a later  period  only  sugar  is  formed, 
according:  to  the  following  formulae  : 


Starch  (synonym  = amylon) 
Soluble  starch  . 

Dextrine  . 

Dextrine.  Water 


. . . C6  HI0  O5 

The  same  formula  as  starch. 


Sugar. 

A 


C6H10O5  + H,0  = C6H1206 

Amongst  the  products  of  degeneration  of  the  spinal 
marrow  in  locomotor  ataxia,  there  are  bodies  resembling 
starch  corpuscles,  but  consisting  entirely  of  cellulose. 

I had  an  opportunity  afforded  me  of  examining  such 
a case,  in  which  the  sense  which  in  physiology  we  now 
term  the  sense  of  pressure  was  almost  entirely  lost, 
while  the  sense  of  pain  and  the  sense  of  heat  and  cold 
persisted.  On  examining  microscopically,  and  by 
means  of  sulphuric  acid  and  iodine,  thin  sections  of 
the  spinal  marrow,  I found  in  various  parts  of  it  agglo- 
merations of  blue  bodies  imitating  in  a remarkable 
manner  wheat-starch  coloured  blue  by  iodine.  The 
term  amyloid  is  perfectly  correct  as  applied  to  this 
particular  degeneration.  The  reaction  of  these  bodies, 
however  like  to  that  of  amylum,  is  not  that  of  amylum 
itself,  for  the  latter  is  coloured  blue  by  iodine  alone, 
while  these  bodies  require  the  concurrence  of  sulphuric 
acid  and  iodine. 

The  secretion  of  the  salivary  glands  mixed  with  Mixed  saliva, 
the  mucus  secreted  by  little  follicles,  in  the  mem- 
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Saliva  in  dis- 
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Anomalous 

ingredients. 


Digestion  of 
starch. 


branes  of  tbe  cavity  of  the  mouth,  constitutes  mixed 
saliva.  This  can  be  collected  in  quantity  by  irritating 
the  fauces  with  a feather,  and  producing  vomituritions. 
It  does  not  reduce  alkaline  copper  solution,  but  retains 
a little  copper  oxyde  in  solution  when  cupric  salt  and 
alkali  only  are  added.  It  transforms  starch  into  sugar, 
so  that  chewed  pap  after  some  standing,  with  cupric 
sulphate  and  caustic  potash,  at  70°  C,  yields  red  copper 
suboxyde.  It  does  not  change  cane-sugar  into  invert 
sugar,  and  thus  differs  from  yeast.  The  quantity  of 
mixed  saliva  secreted  by  a man  in  24  hours  varies 
between  300  and  1500  grammes  ; it  may  be  greatly 
increased  by  excitants,  and  irritating  medicines  and 
poisons. 

Little  is  known  of  saliva  in  disease,  but  the  investiga- 
tions of  the  future  promise  further  results.  In  diseases, 
such  as  salivation  under  the  influence  of  mercury, 
rhodanates  disappear.  The  saliva  then  contains  mercury. 
Many  medicinal  salts  pass  easily  into  the  saliva  from  the 
blood,  such  as  iodide  and  chlorate  of  potassium,  and 
when  used  long  in  quantity  produce  slight  salivation. 
In  diabetes  the  saliva  contains  lactates,  but  no  sugar. 
In  the  paralytic  saliva  of  hysteric  persons  leucine  has 
been  found.  Acid  saliva  seems  to  contain  lactic  acid, 
and  is  of  course  anomalous.  The  presence  of  urea  has 
been  alleged,  but  not  proved  with  certainty.  In 
hydrophobia  the  saliva  is  the  bearer  of  the  contact- 
poison  by  which  the  disease  is  propagated  to  other 
individuals. 

While  the  saliva  influences  starch  as  indicated,  and 
does  not  lose  its  action  by  the  admixture  of  acid  of 
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the  concentration  of  the  gastric  juice,  it  certainly,  under 
ordinary  circumstances,  does  not  transform  the  whole 
of  the  starch  into  sugar.  The  gastric  juice  has  no  in- 
fluence on  starch;  the  pancreatic  juice  a trifling  influence 
in  the  same  sense  as  saliva.  Deducting  all  sugar  and 
lactic  acid  to  be  met  with,  it  is  necessary  to  assume 
that  other  products  are  formed,  which  yet  elude 
analysis.  Do  any  of  these  products  find  their  way  into 
the  liver,  and  are  these  transformed  into  glycogen  ? 

Glycogen  is  a kind  of  dextrine,  which  was  discovered  the  liver, 
in  the  liver  by  Bernard  and  Hensen.  It  occurs  in  three 
forms,  of  which  one  of  the  formula  C6H10O5,  is  powdery, 
two  others,  CeH1206,  and  C6Hu07,  are  gummy.  It 
polarises  to  the  right  four  times  more  intensely  than 
dextrose  sugar.  With  a solution  of  iodine  in  iodide  it 
gives  a dark  red  colour.  It  dissolves  copper  oxyde 
without  reducing  it.  By  sulphuric  and  hydrochloric 
acids,  saliva,  pancreas  juice,  serum  of  blood,  and  cold 
prepared  extract  of  liver,  it  is  transformed  into  dextrine 
and  ultimately  into  sugar.  Many  physiologists  have 
endeavoured  to  explain  the  source  and  destination  of 
this  matter,  but  as  yet  without  any  very  complete 
success.  Regarding  its  origin,  it  has  been  found  that 
it  could  not  be  formed  from  sugar,  as  the  portal  blood 
did  not  contain  any.  It  was  not  formed  from  fats. 
Annual  food  enabled  animals  to  form  it,  whence  the 
conclusion  was  drawn  that  glycogen  originated  in 
albumen.  Seeing  that  the  liver  decomposes  albumen, 
as  proved  by  the  constitution  of  the  bile,  this  idea  has 
much  in  its  favour,  but  the  experiments  upon  which  it 
is  based  admit  of  different  interpretation.  Muscle 
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frequently  contains  dextrine,  always  inosite  (a  particular 
kind  of  sugar),  and  lactic  acid.  All  these  might 
enable  the  liver  of  the  animal  which  eats  the  flesh  to 
form  glycogen.  At  present  it  is  uncertain  from 
which  material  the  liver  forms  glycogen ; possibly  it  is 
formed  out  of  starchy  and  albuminous  matters  at  the 
same  time  ; at  least  most  of  it  is  formed  (up  to  12  per 
cent,  of  the  weight  of  the  liver  in  fowls)  when  these  two 
kinds  of  food  are  digested  together  in  large  quantity. 

As  the  dead  liver  was  found  to  transform  glycogen 
quickly  into  sugar,  and  as  some  sugar  could  be  found 
in  hepatic  blood,  it  was  concluded  that  glycogen  is 
transformed  into  sugar,  and  passes  into  the  blood, 
to  be  there  oxydised  or  changed  as  required.  This 
view,  upon  which  was  based  an  entire  tlieoiy,  called 
that  of  the  glycogenetic  function  of  the  liver,  was 
received  for  some  years  by  physiologists  in  general, 
until  one  of  its  greatest  admirers,  Pavy,  believed  that 
he  had  discovered  it  to  be  erroneous.  According  to 
him  no  sugar  is  made  in  the  liver  in  the  living  healthy 
body.  I showed  that  his  experiments  admitted  of  such 
variation  as  to  prove  either  his  or  Bernard’s  doctrine. 
At  present  the  bulk  of  evidence  goes  to  show  that,  as 
a portion  only  of  the  starch  in  the  intestines  is  trans- 
formed into  sugar  and  passes  into  the  chyle,  so  a 
portion  only  of  the  glycogen  of  the  liver  is  transformed 
into  sugar  and  passes  into  the  blood.  Quantitative 
experiments  on  a large  scale,  combined  with  the 
chemolytic  method  of  research,  will  alone  be  able 
finally  to  decide  the  matters  under  discussion. 

When  sugar  in  considerable  quantity  exists  in  the 
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blood,  the  body  cannot  deal  with  it,  and  excretes  the 
sugar  unchanged.  Such  a condition  constitutes  the 
disease  termed  diabetes,  which  appears  to  be  a much DiabetcB- 
more  complicated  disease  than  its  main  symptom  taken 
alone  would  seem  to  indicate.  The  oxydation  of  sugar 
only  is  diminished  or  not  accomplished,  that  of  the 
albuminous  substance  and  fats  is  rather  increased, 
sometimes  enormously  so ; therefore  the  carrying 
power  of  the  blood-corpuscles  for  oxygen  cannot  be 
diminished  as  has  been  supposed  lately,  at  least  not  in 
all  cases  of  diabetes.  There  must  be  a perversion  of 
chemical  agency,  as  proved  by  the  appearance  of  lactic 
acid  in  the  saliva  and  of  acetone  in  the  stomach  and 
the  urine.  On  the  whole  there  is  at  present  neither  a 
plausible  theory  nor  a rational  treatment  of  diabetes, 
as  evidenced  by  the  fact  that  noted  physicians  now 
maintain  that  diabetic  patients  eating  promiscuously 
everything  are  better  off  than  patients  who  abstain 
from  starch  and  confine  themselves  to  the  anamylic 
diet  so  elaborately  prescribed  by  Bouchardat.  The 
sugar  may  be  made  in  the  liver  or  in  the  muscles, 
it  may  be  the  effect  of  a change  of  nervous  influence 
(as  suggested  by  the  artificial  diabetes  of  animals  after 
wounds  of  the  fourth  ventricle  of  the  brain),  or  of  a 
failure  in  the  supply  of  a ferment  capable  of  transferring 
oxygen  to  it.  The  sugar  when  once  in  the  diabetic 
blood  appears  not  to  be  increased  or  decreased  by 
standing  of  the  drawn  blood  out  of  the  body,  the 
blood  consequently  contains  perhaps  no  glycogen. 

This  was  ascertained  by  a special  experiment,  made 
upon  the  blood  of  a diabetic  patient. 
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The  comminuted  food  mixed  with  saliva  arrives  in 
the  stomach  and  excites  this  organ  to  a mechanical 
and  chemical  action,  termed  digestion.  The  many- 
little  rennet  glands  situated  in  the  walls  of  the  stomach 
secrete  a liquid  termed  the  gastric  juice,  which  in  man 
contains  994’6  per  mille  of  water  and  5‘39  of  solid  and 
permanently  fluid  ingredients  other  than  water.  Of 
these  3’0  are  pepsine,  0'2  hydrochloric  acid,  with  which 
perhaps  a small  quantity  of  lactic  acid  is  mixed,  and 
chlorides  of  the  alkalies,  with  some  phosphates  of 
earths.  Singular  is  the  presence  of  some  calcium- 
chloride  in  the  juice.  The  juice  has  been  examined 
mainly  as  obtained  from  persons  who  by  accident 
had  fistulous  openings  in  their  stomachs,  and  upon 
dogs  upon  whom  such  fistulas  had  been  formed  by 
operative  interference.  This  led  to  the  formation 
of  artificial  juice,  which  requires  the  addition  of 
natural  pepsine,  and  is  therefore  only  in  part 
artificial.  It  serves,  however,  for  the  purpose  of 
studying  stomach  digestion  upon  many  kinds  of  food, 
and  of  supplying  a kind  of  remedy  in  diseased  con- 
ditions in  which  the  natural  juice  is  supposed  to  be 
deficient. 

This  gastric  juice  possesses  the  power  of  dissolving 
or  reducing  to  a liquid  state  albuminous  substances, 
which  are  either  by  preparation,  such  as  boiling,  or  by 
nature,  insoluble  in  water.  Albumen,  caseine,  fibrine, 
syntonine,  the  albuminous  substances  of  vegetables, 
gluten,  and  the  collagene  tissues  or  gristle,  are  under 
the  influence  of  gastric  juice,  or  of  a mixture  of 
pepsine  and  hydrochloric  acid,  dissolved  to  thickish 
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somewhat  turbid  matters,  to  which  the  name  of 
peptones  is  given.  Pepsine  may  be  isolated  by  me- Peptoues- 
chanical  precipitation  in  the  same  manner  as  ptyaline 
by  adhesion  to  phosphate  of  lime.  It  is  not  itself 
destroyed  during  digestion,  but  is  capable  of  trans- 
forming great  quantities  of  solids  into  fluid  by  that 
mysterious  influence  termed  contact  action.  When 
the  juice  is  saturated  with  peptones  it  ceases  to  act, 
but  an  addition  of  dilute  acid  fluid  enables  digestion  of 
newly  introduced  albuminous  matters  to  be  effected. 

The  secretion  of  the  hydrochloric  (and  lactic  ?)  acid 
from  the  stomach  glands  is  a chemolytic  process  by 
which  salts  of  alkalies  are  split  up  into  acid  and 
base.  Of  this  action  I shall  show  the  completion 
of  the  circle  in  the  biliary  function  immediately  to 
be  described.  The  origin  of  the  pepsine  is  the  blood, 
but  which  ingredient  of  this  fluid  yields  this  curious 
substance,  which  is  so  different  from  albumen,  cannot 
be  told.  In  the  stomach  digestion  saliva  by  its  ptyaline 
forms  some  sugar,  the  gastric  juice  fluidifies  the  albu- 
minous matters,  the  fats  are  made  fluid  and  liberated 
from  their  tissue  connections,  vegetable  structures  are 
variously  disintegrated,  and  the  whole  is  mixed  with 
water  and  a small  amount  of  air  carried  down  in 
the  process  of  swallowing.  Other  decompositions,  as 
yet  imperfectly  understood,  also  take  place,  as  evi- 
denced by  the  strong  odour  of  the  digested  matters,  and 
at  last  the  homogeneous  mixture  of  substances,  termed 
chyme,  passes  through  the  pylorus  into  the  duodenum. 

The  ingredients  of  chyme  are  starch,  sugar,  fat,  chyme, 
and  peptones,  or  if  only  animal  food  had  been  eaten,  fat  Peptones. 
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and  peptones  alone.  There  are  also  undigested  pieces 
of  flesh,  albumen,  caseine,  constantly  present.  It  is 
at  present  impossible  to  say  what  these  albuminous 
matters  are.  Some  physiologists  say  there  is  only  one 
substance,  others  that  there  are  five  and  more,  the 
statements  as  well  as  the  experiments  upon  which 
they  are  based  being  quite  irreconcileable  with  each 
other.  None  of  these  researches  have  as  yet  been 
carried  out  by  means  of  the  quantitative  chemical 
method,  excepting  the  comparison  of  the  compo- 
sition of  the  peptones  with  the  original  matters. 
It  was  found  to  be  almost  unchanged.  The  pep- 
tone solutions  are  not  coagulated  by  boiling,  but  are 
precipitated  by  absolute  alcohol.  They  give  Millon’s 
reaction  with  nitrate  and  nitrite  of  mercury.  They 
diffuse  easily  through  parchment  paper  (dialyse)  into 
water,  exhibiting  a property  towards  membranes  of 
the  utmost  importance  for  absorption,  which  albumen 
possesses  only  in  the  very  slightest  degree.  Optically 
they  are  characterised  by  turning  the  plane  of  polarisa- 
tion towards  the  left. 

The  coagulation  of  milk  in  the  stomach,  or  by 
rennet  out  of  it,  is  supposed  by  some  to  be  due  not 
to  pepsine,  but  to  another  ferment  which  transforms 
sugar  of  milk  or  lactose  into  lactic  acid,  and  pre- 
cipitates the  soda-albumen  or  caseine.  This  matter 
is  problematical. 

The  quantity  of  gastric  juice  secreted  daily  in  the 
human  stomach  has  been  estimated  at  10  per  cent, 
of  the  body-weight,  or  10  lbs.;  other  direct  observations, 
however,  lead  to  30  lbs. 
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During  digestion  some  gases,  consisting  of  carbonic  Gases, 
acid,  hydrogen,  and  nitrogen,  are  not  rarely  formed 
from  the  digesting  food.  This  may  become  a dis- 
tressing symptom  in  disease. 

Duodenal  digestion  is  a continuation  of  stomach  digestion, 
digestion  under  greatly  complicated  circumstances, 
since  the  chyme  receives  additions  of  bile  and  pancreatic 
juice.  The  physiology  of  these  liquids  has  been  studied 
upon  fistulous  openings  occurring  accidentally  in  man, 
or  produced  by  art  in  animals.  The  secretory  acts 
and  influences  are  no  doubt  well  known,  particularly 
their  variations  under  several  conditions.  But  the 
employment  of  the  secreted  matters  is  by  no  means  so 
elucidated  as  to  be  capable  of  satisfactory  theoretical 
representation.  The  pancreatic  juice  has  probably  j^reatic 
three  functions,  of  which  one  is  the  completion  of  the  jw  func' 
solution  of  the  pieces  of  meat  and  albumen  which 
issue  from  the  stomach  with  the  chyme;  another  is 
the  decomposition  of  fat  into  glycerine  and  fatty  acid  ; 
and  a third  the  emulging  of  neutral  fat,  and  the  trans- 
forming of  it  into  a subdivided  condition,  in  which  it 
may  pass  through  the  pores  of  the  mucous  membrane 
into  the  chyle-ducts.  It  also  transforms  a small 
quantity  of  starch  into  sugar.  These  properties  are  only 
possessed  entire  by  juice  which  is  abstracted  from  the 
pancreatic  duct  of  an  animal  during  full  digestion,  or 
from  a reddened  pancreas.  Juice  thus  procured  is 
tough  or  viscid,  and  contains  10  to  11  per  cent,  of 
solids,  while  juice  obtained  from  a permanent  fistula 
has  only  5 per  cent,  of  solids,  and  lacks  the  power 
of  digesting  albuminous  fragments.  It  is  probable  that 


14 


CHEMICAL  PHYSIOLOGY. 


Biliary  func- 
tions. 


Connexion  of 
stomacli  di- 
gestion with 
the  bile  func- 
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this  deficiency  is  caused  by  a degeneration  of  the  gland 
consequent  upon  the  operative  interference.  The  juice 
contains  an  albuminous  matter  at  present  undefined, 
possibly  some  mucine,  and  generally  leucine,  which  is 
present  in  the  parenchyma  of  the  gland  in  larger  quanti- 
ties : it  has  a more  or  less  alkaline  reaction. 

The  liver  has  an  obvious  function,  and  that  is  to 
secrete  bile.  It  seems  almost  superfluous  to  make 
such  a statement,  but  the  views  of  physiologists 
regarding  this  organ  have  so  often  been  perverted  that 
it  is  necessary  to  recur  to  elementary  principles.  The 
error  regarding  the  function  of  the  liver  which  has 
crept  into  physiology  has  mainly  been  caused  by  the 
discovery  in  it  of  a substance  which  has  the  capability 
of  being  transformed  into  sugar,  namely,  the  above- 
described  glycogen,  also  called  hepatine,  or  liver- 
dextrine  ; and  in  consequence  of  that  in  itself  remark- 
able and  interesting  discovery  it  has  generally  been 
believed  that  the  main  function  of  the  liver  was  that  of 
forming  sugar.  We  know  now  that  such  is  not  the 
case.*  The  main  function  of  the  liver  is  one  of 
considerable  intricacy,  and  essentially  connected  with 
the  great  features  of  the  process  of  digestion. 

Digestion  in  the  stomach  is  produced  by  a process 
in  which  of  chemical  ingredients  hydrochloric  acid 

* See  the  articles  of  Pavy  on  this  subject,  * Guy’s  Hosp.  Rep.,’  1858, 
iv,  p.  291 ; * Phil.  Trans.,’  1860,  p.  595,  and  my  critical  experiments  in 
‘ Brit.  Med.  Joum.,’  vol.  i,  1860.  In  these  latter  the  analytical  method 
now  generally  foUowed  was  first  used  and  published ; it  was  afterwards 
adopted  by  Pavy,  Bernard,  Kuhne,  and  others.  For  confirmation  of  the 
variable  results  see  Meissner,  ‘ Jalu-esbei-icht  fur,’  1862,  p.  310  et  seq. • 
Ritter,  ‘ Zeitschr.  f.  rat.  Med.,’  24,  65 ; Eulenburg,  ‘ Journ.  fur  Pract. 
Chem.,’  103,  108,  1868. 
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takes  a main  part.  In  the  dog  this  hydrochloric  acid 
is  so  strong  that  the  hardest  bones  are  absolutely 
dissolved.  In  man  such  a solution  of  bones  cannot 
easily  take  place,  but  they  are  certainly  corroded 
when  introduced  into  the  stomach.  The  acid  which 
dissolves  them  in  the  dog  is  hydrochloric  acid  only ; 
in  man  it  is  probably  a mixture  of  hydrochloric  and 
lactic  acid.  But  although  we  find  in  the  economy 
chlorides  everywhere,  and  lactates  constantly  in  the 
chyle,  yet  we  do  not  meet  with  these  acids  in  the  free 
state.  We  are  therefore  obliged  to  assume  that  in  the 
walls  of  the  stomach  a chemical  process  is  constantly 
taking  place  by  which  hydrochloric  and  lactic  acids 
are  formed.  This  process  is  very  simple,  consisting 
in  the  separation  of  the  chlorine  from  sodium  chloride 
(or  common  salt),  and  the  combination  with  it  of  a 
certain  quantity  of  hydrogen  derived  from  the  water. 
What  takes  place  in  the  glands  of  the  stomach  may 
therefore  be  stated  to  be  a splitting-up  of  water  and 
sodium  chloride,  and  a cross  combination  of  the 
elements  to  hydrochloric  acid  on  the  one  side  and 
sodium  hydroxyde  on  the  other. 

H20  + Nad  = HC1  + NaHO 

( A > ( "A ^ ( A 

Water.  Common  Salt.  Hydrochloric  acid.  Sod.  hydroxyde. 

The  lactic  acid  is  produced  from  lactates  in  a similar 
manner,  and  in  the  formula  of  its  formation  the 
place  of  chlorine  in  the  foregoing  formula  would  be 
occupied  by  the  formula  C3H503.  This  is  simple 
and  certain.  But  we  find  in  the  body  no  caustic  soda, 
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or  sodium  liydroxyde,  and  we  are  therefore  driven  to 
why  the  Squire  what  becomes  of  it  when  so  produced. 
noTdigeat068  Before  it  is  carried  away  from  the  gastric  glands  by 
the  blood,  a part  of  this  sodium  liydroxyde  has  an 
important  function  to  perform,  namely,  to  protect  the 
stomach  against  the  corrosive  action  of  its  own  secre- 
tion.* It  keeps  the  blood  and  tissues  more  alkaline, 
and  prevents  the  acids  and  pepsine,  which  have  become 
more  energetic  after  secretion  and  mixture  with  the 
peptones,  from  corroding  the  texture  of  the  stomach. 
(Such  corrosion  immediately  takes  place  in  cases 
where  the  supply  of  blood  to  a part  of  the  stomach  is 
interrupted,  or  where  food  remains  in  the  stomach 
undigested  after  the  secretory  energy  has  passed 
away ; gastric  ulcer,  hematemesis,  chronic  dyspepsia, 
or  painful  digestion  with  follicular  erosion,  and  other 
pathological  conditions,  are  produced  in  this  way.) 
The  sodium  hydroxyde  is  soon  transformed  into 
carbonate  in  the  blood,  and  passes  through  the  gastric 
veins  into  the  portal,  and  thus  into  the  liver.  When 
BUe-  we  analyse  bile  and  add  to  it  a quantity  of  acid,  we 
precipitate  certain  matters,  namely,  the  biliary  acids 
formed  by  the  liver,  and  the  choloplneine  ; and  if  we 
evaporate  the  liquid  we  get  a large  quantity  of  sodium 
combined  with  the  acid  which  we  have  added.  Sup- 
posing now  we  take  bile  and  add  to  it  hydrochloric 
acid,  we  find  at  the  conclusion  of  our  experiment  that 
sodium  has  been  combining  with  chlorine  and  that  we 

* This  function  was  clearly  developed  and  stated  by  me  in  ‘ Brit,  and 
For.  Med.-Cliir.  Review,’  October,  1861,  p.  429.  At  a later  period  it  was 
made  the  theme  of  some  interesting  experimental  inquiries  by  Pavy 
(‘  Phil.  Trans.,’  1863). 
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have  soclimn  chloride,  and  that  the  hydrogen  of  the 
acid  has  again  combined  with  oxygen  (hydroxyl)  and 
formed  water. 

NatlO  + HOI  = NaCl  + H20 

That  is  to  say,  by  boiling  bile  with  hydrochloric 
acid  we  reproduce  the  chloride  of  sodium  which  before 
has  been  decomposed  in  the  walls  of  the  stomach.  In 
our  food  we  take  no  salt  of  sodium  combined  with 
biliary  acid,  or  any  acid  that  can  be  transformed  into 
it.  We  take  many  substances  containing  sulphur  and 
nitrogen  which  can  furnish  the  biliary  or  special 
organic  part  of  the  bile,  but  not  the  soda  salts  con- 
tained in  it.  Their  production  is  just  the  function 
of  the  liver.  The  liver  splits  up  or  chemolyses  albu- 
minous substauces  or  albumen  into  products  of  which 
a part  is  at  present  unknown,  another  part,  however , 
well  known  under  the  name  of  biliary  acids  and  coloured 
ingredients.  They  are  taurocholic  acid,  glykocholic 
acid,  cliolopkmine,  bilifuscine,  biliprasine,  choline, 
lecithine,  and  cholesterine. 

• Taurocholic  acid  (C2GH45N07S)  contains  all  the 
sulphur  of  the  bile.  By  this  ingredient  it  manifests 
itself  as  a derivate  of  albumen,  which  also  contains 
sulphur.  Glykocholic  acid  (C26H43N06)  is  nitrogenous 
only,  and  free  from  sulphur.  Both  acids  yield  by 
chemylosis  an  acid  free  from  nitrogen  and  sulphur, 
cholic  acid  (C24H40O5).  But  the  sulphuretted  acid  yields 
as  the  second  product  a body  containing  all  the  sulphur 
and  nitrogen  of  the  original  acid,  namely,  taurine= 
C2H7N03S  = dehydrated  issethionate  of  ammonia,  and 
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producible  from  sucli ; while  tbe  other  compound  acid 
yields  as  the  second  product  of  its  cleavage  glykokoll 
or  amido-acetic  acid  (C3H5]Si02),  which  is  producible 
artificially  by  various  processes.  The  rational  con- 
stitution of  the  smaller  nuclei  is  thus  shown  to  be 
well  known ; but  the  same  could  not  be  said  of  cholic 
acid.  Glykokoll  appears  in  an  excretion  as  hippuric 
acid  (in  which  it  is  coupled  with  benzoic)  but  it  is  at 
present  uncertain  whether  this  excreted  glykokoll  has 
previously  taken  any  share  in  the  composition  of  bile 
or  not.  Taurine,  however,  is  consumed  in  the  body, 
and  its  sulphur  appears  in  the  excretion  as  sulphuric 
acid. 

The  coloured  ingredients  of  bile  are  cholopha3ine 
or  bihrubine,  C0HyNO2,  and  bilifuscine,  probably 
C9HnN03.  By  oxydation  and  loss  of  carbonic  acid 
cholophgeine  easily  passes  into  biliverdine,  CsH;)X02, 
according  to  the  formula,  C9H9N03  + 20  = C8H9N03 
+ C02. 

Cholesterine  (C26H440)  occurring  in  the  brain  and 
blood  is  no  doubt  excreted  by  means  of  the  bile.  It  is 
a polydynamic  alcohol,  capable  of  forming  ethers 
analogous  to  fats.  Coloured  matters,  such  as  cholo- 
nematine,  boviprasine,  fuscopittine,  muscoprasine, 
and  ethochlorine,  all  possessing  characteristic  pro- 
perties and  spectra,  and  cholesterine  are  the  main 
residues  of  certain  diseased  processes  which  terminate 
in  the  production  of  calculi.  In  a degeneration  of  the 
liver,  called  bacony,  considerable  quantities  of  chole- 
sterine remain  stagnant  in  the  parenchyma  of  that 
oro'an.  The  choline  of  the  bile  is  an  organic  base  of 
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the  composition  Ci3H15N03.  It  is  closely  related  to 
neurine,  C6H13N,  a base  obtainable,  together  with 
choline,  from  cerebri  c acid  or  lecithine,  and  we  are 
justified  in  assuming  that  it  is  derived  from  the  de- 
composition of  that  body.  Lecithine  consequently 
may  be  considered  as  a normal  ingredient  of  bile. 

The  biliary  acids  yield  a particular  test,  called,  after  Pettenkofer’9 
its  discoverer,  Pettenkofer’s  reaction.  When  mixed 
with  sugar  and  sulphuric  acid  they  produce  a splendid 
purple  colour.  It  has  been  found  that  other  acids, 
such  as  lithofellic,  also  yield  this  test ; and  I found, 
further,  that  cerebric  acid  yielded  it  with  rare  in- 
tensity. I therefore  applied  the  spectroscope,  and  was 
glad  to  discover  some  means  for  the  distinction  of  the 
various  acids  in  the  coloured  test  solution.  The  biliary 
acids  show  two  bands,  cerebric  acid  and  vitelline  only 
one.  These  spectra  are,  however,  difficult  to  observe, 
and  require  sunlight  or  oxhydrogen  light  for  their 
complete  development. 

The  quantity  of  bile  secreted  in  the  human  bodv  in  Quantity°f 
a day  has  been  estimated  at  1200  grammes,  or  the 
bulk  which  would  fill  a wine  bottle  and  a half.  Con- 
clusions from  quantities  observed  in  animals  can  only 
be  used  with  caution,  as  some  animals,  e.  g.,  the  guinea- 
pig,  produce  enormous  quantities  of  bile  relatively  to 
their  body  weight,  while  dogs  and  sheep  produce 
1 elatively  small  quantities.  The  production  is  more 
likely  to  stand  in  proportion  to  the  size  and  weight  of 
the  liver  (hitherto  neglected  as  a physiological  factor) 
than  to  the  weight  of  the  body,  to  which  hitherto 
quantities  were  almost  exclusively  referred. 


20 


CHEMICAL  PHYSIOLOGY. 


Thebile  intlie 
intestine. 


Fate  of  pep- 
tones. 


Changes  of 
bile. 


The  function  of  the  bile  is  evidently  like  its  chemical 
constitution,  very  complicated.  Stored  during  inter- 
vals between  digestion,  it  is  mainly  secreted  as  well  as 
expelled  from  the  gall  bladder  during  digestion,  and  a 
particular  quantity  of  it  during  a peculiar  episode  at 
the  end  of  the  emptying  of  the  stomach.  On  being 
mixed  with  the  acid  of  the  chyme,  the  biliary  acids  are 
set  free,  but  not  precipitated,  as  the  soluble  taurocholic 
acid  holds  the  glykocholic  in  solution.  But  a pre- 
cipitate of  peptones  is  nevertheless  produced  in  the 
mixture  of  chyme  and  bile.  This,  mixed  with  the  bile- 
acids  and  the  biliary  colouring  matter,  passes  along 
the  intestine  as  a resinous  adhesive  substance,  to  be 
altered  and  made  absorbable  by  the  many  influences 
of  intestinal  reaction.  It  is  soluble  in  alkali,  and  as 
much  of  the  intestinal  secretion  besides  gastric  juice  is 
alkaline,  the  transformation  meets  with  no  difficulty. 
The  peptone  then  may  pass  into  blood  and  chyle  as 
albumen  and  fibrinogen  and  fibrinoplastic  matter,  but 
the  bile  is  not  so  easily  accounted  for.  The  acids 
certainly  split  up,  taurine  and  glykokoll  returning  into 
the  circulation,  but  the  cholic  acid  mainly  disappears, 
without  leaving  any  trace  in  the  blood  or  chyle; 
neither  contain  a trace  of  biliary  matter.  In  the  feces 
only  occurs  a small  proportion  of  the  cholic  acid, 
amounting  in  man  to  from  two  to  three  grammes, 
being  perhaps  one  eighth  or  one  twelfth  of  the  entire 
amount  secreted.  The  cholophahne  has  been  also 
changed  and  become  insoluble  in  chloroform.  We 
must  therefore  assume  that  the  cholic  acid  is  already 
split  up  or  cliemolysed  in  the  intestine,  and  reaches 
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tlie  circulation  in  the  more  simple  form  of  products  of 
its  decomposition.  The  bile  influences  fats  and  fatty- 
acids  in  the  manner  of  a soap.  It  communicates  to 
the  small  absorbing  tubes  an  attraction  for  fat,  so  that 
capillarity  raises  the  fat  to  a higher  point  than  the 
same  vessel  would  do  without  bile.  Bile  then  re- 
presents the  accomplishment  of  a purpose  which  we 
term  chemolysis  of  albumen.  But  the  further  uses  of 
bile  are  numerous  and  important ; the  excretion  of 
cliolesterine,  intimately  related  to  the  chemistry  of  the 
nerves,  and  possibly  a product  of  their  action ; the 
excretion  of  choline  and  probably  lecithine,  of  which  the 
objects  are  continuous;  the  excretion  of  cholophaeine,  d‘3 
of  which  the  objects  are  at  least  obscure.  Bile  pre- 
cipitates pepsine,  and  when  it  regurgitates  into  the 
stomach  arrests  digestion  completely.  It  therefore 
puts  an  end  to  pepsine  digestion  in  the  duodenum,  and 
favours  the  alkaline  pancreas-digestion.  In  disease 
the  bile  may  be  retained  and  cause  jaundice,  and 
slowness  of  the  pulse ; or  it  may  be  decomposed  in  a 
peculiar  mannner  and  produce  concretions ; in  man 
these  consist  of  cholesterine  and  modified  bile-acid, 
and  bilifuscine,  with  cholophaeine  and  earths ; in  oxen 
the  cholophaeinate  of  lime  predominates,  and  modified 
bile-acids  with  lime-soaps  are  in  lesser  quantity.  In 
jugs  these  calculi  contain  a peculiar  lime  salt  which 
assumes  a voluminous  crystalline  form,  when  the 
powder  is  digested  with  cold  alcohol.  The  pancreas  Pancrcatic 

. -*•  juice  in 

has  m diseases  been  observed  to  be  degenerated  and disease8' 
cancerous ; and  as  in  these  cases  lumps  of  fat  are 
stated  to  have  been  observed  in  the  fasces,  this  ap- 
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Digestion  in 
the  small  in- 
testine. 


Fats  of  the 
human  and 
animal  body. 


pearance  of  fat  lias  been  ascribed  to  the  failure  in  the 
supply  of  pancreas -juice.  In  lientery  the  pancreas  as 
well  as  the  stomach  and  pylorus  is  probably  at  fault. 

The  digestion  in  the  small  intestine  is  very  imper- 
fectly known,  and  requires  particular  and  great  re- 
searches in  the  future.  In  this  part  of  the  body  is  the 
constant  and  principal  seat  of  diseased  processes  of  the 
greatest  importance,  e.  cj.,  typhus  and  typhoid  fever, 
cholera,  and  others,  not  the  least  important  amongst 
them  the  aestival  and  autumnal  diarrhoea  so  fatal  to 
many  persons  in  every  year  without  special  epidemic 
influences. 

Glycerine  is  a tridynamic  alcohol,  constructed  ac- 
cording to  the  type  of  water  thrice  condensed.  In  this 
type  there  are  six  atoms  of  hydrogen  replaceable ; 
when  three  of  these  are  replaced  by  the  tridynamic 
radical  glyceryl,  glycerine  is  formed.  Glycerine, 
therefore,  has  three  atoms  of  typical  hydrogen, 
which  can  be  replaced  by  three  atoms  of  a mono- 
dynamic body  or  one  atom  of  a tridynamic  body.  It 
is  not  necessary  to  substitute  all  the  hydrogen  at  once 
when  we  work  synthetically,  but  in  animal  bodies  all 
the  hydrogen  is  always  replaced  by  fatty  acids.  A fat 
is  thus  shown  to  be  a body  of  the  type  of  three  atoms 
of  water  condensed  to  one,  thus — 


in  which  three  atoms  of  hydrogen  are  replaced  by  one 
atom  of  glyceryl"1  and  three  others  by  three  atoms  of 


CHEMICAL  PHYSIOLOGY. 


23 


fatty  acid  radical.1  Tributyrine,  a fat  occurring  in 
butter,  has  tliis  formula : 


3 monodynamic  atoms  of  butyryl  = (C4H70)' 

(C4H70)‘ 

Wy 

1 tridynamic  atom  of  glyceryl  = (C3H5)UI 


> 03 


held  together  by  three  didynamic  atoms  of  typical 


oxygen. 

The  Roman  numeral  to  the  right  of  the  radical  buty- 
ryl signifies  that  it  is  a monodynamic  radical,  and  can 
replace  only  one  atom  of  hydrogen ; but  the  Roman 
numeral  to  the  right  of  glyceryl  shows  it  to  be  a tri- 
dynamic radical,  which  by  its  one  atom  replaces  three 
atoms  of  hydrogen. 

The  other  fats  occurring  in  the  human  body  and  in 
animal  food  are  tripalmitine — 

3(C16H310)  | 

(CAT  i 3 


which  is  equal  to  the  large  formula  of 

^SlHgsOg, 

tristearine,  a fat  abounding  in  mutton  and  beef,  of  the 
formula 

^57-^-iio^G 

and  trieleine,  a more  fluid  fat,  which  abounds  in  the 
oils  extracted  from  lower  animals  and  vegetable  seeds. 

Yellow  animal  fats  contain  luteine,  a yellow  coloured 
substance  showing  peculiar  absorption  phenomena 
(three  bands)  in  the  blue  part  of  the  solar  spectrum. 

When  these  fats  have  passed  through  the  stomach,  ^tfesliou  of 
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and  after  solution  of  all  tissue  by  wliicli  they  are  held 
together  in  the  parts  of  animals,  arrive  as  fluid  oils  in 
the  intestine,  they  are  acted  upon  by  the  pancreatic 
juice  and  the  bile.  The  former  affects  them  in  two 
ways.  A small  portion  it  decomposes,  so  that  glycerine 
and  fatty  acid  are  formed,  another  portion  it  emulges, 
or  makes  fit  to  become  subdivided  into  the  very  minu- 
test mechanical  molecules,  and  in  that  state  to  pass 
through  the  small  pores  of  the  cylindric  cells  which 
cover  the  villi  of  the  intestine.  The  fatty  acids  mostly 
combine  with  soda  and  pass  as  soaps  into  the  venous 
blood,  and  with  this  to  the  liver ; while  the  emulged 
neutral  fats  pass  into  the  lymphducts,  and  by  them  into 
the  venous  blood,  without  passing  through  the  liver. 
After  incorporation  with  the  blood  the  fat  is  burned  up 
in  the  system,  particularly  the  muscles, 
r.uuis.ofof  But  there  is  yet  a particular  form  in  which  fatty 
palmitic  acid  is  found  in  the  body,  namely,  emulged  in  phos- 
phate of  sodium  solution.  When  palmitic  or  stearic 
acid  is  boiled  with  common  sodium  phos23hate,  it  forms 
a milky  fluid ; the  acid  is  so  finely  subdivided  that  the 
microscope  can  distinguish  only  the  very  finest  mole- 
cules. When  this  process  is  applied  to  neutral  fats, 
or  to  oleic  acid,  no  effect  is  produced.  The  emulsion 
is  a very  loose  combination,  inasmuch  as  ether  extracts 
the  fatty  acids.  This  particular  form  of  fatty  acid 
emulsion  occurs  in  lipohaemia,  or  fatty  blood  disease, 
in  chylous  urine,  and  in  several  effusions  into  internal 
cavities.*  Its  formation  is  a normal  occurrence,  the 
phosphate  of  sodium  of  the  food  (bread)  yielding  the 
* Compare  on  this  subject  my  researches  published  in  the  ‘ Lancet.’ 
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mineral  ingredients  for  the  carrying  on  of  the  process 
with  the  digested  fat  in  the  intestinal  canal ; if  the 
phosphate  be  wanting  in  the  food,  the  bile  which  always 
contains  notable  quantities,  will  supply  it  [and  it  is  to 
this  action  of  the  phosphate  in  bile  that  any  influence 
upon  fatty  acids  which  it  possesses  is  due,  the  action 
upon  neutral  fats  formerly  ascribed  to  it  being  an 
erroneous  conception].  The  anomaly  in  the  above- 
mentioned  diseases  is  the  persistence  of  the  fatty 
emulsion  in  the  arterial  blood,  whereby  an  obstruction 
of  the  circulation  and  consequent  effusion  (of  blood, 
serum,  fatty  and  fibrinous  serum,  as  in  apoplexy, 
dropsy,  chylous  urine,  and  other  diseases)  is  produced. 

Fat  having  been  frequently  found  in  degenerating  ^y*®- 

. i • . . . ° o generation. 

tissues,  deposited  m a visible  manner,  m parts  where 
healthy  structure  shows  no  visible  fat,  microscopic 
anatomists  admitted  a particular  fatty  degeneration,  in 
which  fat  in  excess  assumed  the  place  of  albuminous 
matters.  The  heart  was  supposed  to  be  particularly 
subject  to  this  disease,  to  which,  however,  all  other 
tissues  paid  tribute.  This  doctrine,  however,  is  at  pre- 
sent in  a very  unsatisfactory  state,  and  requires  much 
elucidation  by  researches  conducted  upon  mathematical 
principles.  That  fatty  degeneration  so  called  may  be 
a very  complicated  chemical  disorder,  I showed  many 
years  ago  by  the  demonstration  of  changes  in  the 
myochi  ome  of  the  muscles  of  the  heart,  which  produced 
a green  granular  pigment.* 

Chyle  is  the  fluid  which  the  lymphatic  vessels  of  the  chyie 


* See  ‘ Trans,  of  the  Path.  Soc.,’ 
Mic.  Joum.,’  vol.  iv,  1856,  p.  111. 


vol.  vi,  1856,  p.  141,  and  ‘ Quart. 


26 


CHEMICAL  PHYSIOLOGY. 


villi  of  tlie  intestine  absorb  from  the  digested  food  and 
carry  to  the  blood.  It  contains  much  fat,  to  which  it 
owes  its  white  milky  appearance.  It  further  contains 
the  ingredients  for  the  formation  of  fibrine,  and  curdles 
soon  after  it  is  withdrawn  from  circulation.  Then 
there  is  potassium-albumen,  and  the  ordinary  albumen 
of  serum.  There  are  also  lactates,  sugar,  and  urea 
contained  in  chyle,  besides  a certain  amount  of  alkaline 
ciiyie.  salts.  Chyle  is  the  material  by  means  of  which  the 
blood  is  constantly  renewed.  It  contains  mostly  some 
white  and  red  blood-corpuscles,  which  leads  to  the  idea 
that  they  might  perhaps  be  formed  in  certain  lymphatic 
glands  through  which  the  chyle  has  to  pass.  Before 
entering  the  blood,  chyle  is  always  mixed  with  a con- 
siderable quantity  of  lymph,  which  differs  from  chyle 
only  by  the  absence  of  fat  in  emulsion.  The  lymph  is 
transuded  serum  of  the  blood,  which  penetrates  into 
the  tissues  and  there  performs  its  functions ; it  is  then 
reabsorbed  and  carried  back  to  the  circulation  by  the 
lymphatic  vessels.  There  are  many  derangements  of 
the  lymph  and  chyle  which  occur  simultaneously  with 
diseased  glands  in  scrophula,  and  in  tuberculosis,  and 
it  is  probable  that  improper  nutrition  has  the  main 
share  in  the  production  of  these  derangements  in  a 
great  number  of  young  children, 
chemical  The  peculiar  shape  of  the  blood  corpuscles  appears 

constitution  r 1 . . 

wooa.coerd-  to  be  partly  dependent  upon  their  chemical  constitution, 
puscics.  Tliig  latter  is  the  product  of  their  own  powers  and 

their  interchange  with  those  of  the  surrounding  serum. 
They  have  a certain  specific  gravity,  which  is  main- 
tained or  varied  (in  diseases,  in  different  classes  of 
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animals)  by  the  quantity  of  certain  chemical  ingredients 
which  are  within  them.  Amongst  these  latter  most 
notable  by  its  red  colour,  and  in  the  first  place  by  its 
chemical  constitution,  is  liematocrystalline.*  This  sub- 
stance contains  carbon,  hydrogen,  nitrogen,  iron,  sul- 
phur, and  oxygen,  in  the  proportions  indicated  by 
the  following  formula : C6OOH90ON154FeS3O177.  This 
leads  to  an  atomic  weight  of  13,280,  or  if  it  be  deter- 
mined by  the  quantity  of  that  most  stable  element, 
iron,  an  atomic  weight  of  about  13,000.  Persons 
who  have  not  studied  this  branch  of  chemistry,  and 
who  perhaps  in  their  handbook,  do  not  read  of  atomic 
weights  rising  above  500,  may  wonder  at  the  high 
atomic  weight  here  assigned  to  hematocrystalline. 
But  this  body  can  now  be  obtained  pure  in  quantity, 
and  the  analyses  of  crystals  have  always  shown 
them  to  contain  four  tenths  per  cent,  of  iron.  The 
crystals  are  mostly  of  the  rhombohedric  system, 
and  appear  in  tetrahedra,  octahedra,  with  and  without 
prisms,  or  in  prisms  only.  Their  watery  properly 
diluted  solution,  when  examined  in  the  spectroscope, 
shows  two  remarkable  bands  of  absorption,  and  obscu- 
ration "of  the  blue  and  violet  end  of  the  spectrum. 
As  the  blood  of  all  vertebrate  animals,  when  viewed 

When  the  blood  crystals  were  first  discovered,  and  their  various 
shapes  and  properties  found  out  (Funke,  Kunde),  it  was  believed  and 
stated  (Lehmann)  that  they  consisted  of  a colourless  substance  (hema- 
toglobuline)  to  which  a coloured  matter  (hematine)  adhered  like  a dye. 
As  long  as  the  researches  on  this  subject  moved  on  the  microscopic  field 
only,  this  idea  was  plausible ; for  many  crystals  are  actually  so  thin  as 
to  appear  colourless  under  the  microscope.  But  the  chemical  and 
spectroscopical  researches  of  the  last  few  years  have  established  the 
error  of  this  conception  and  substituted  the  doctrine  of  the  text. 


Hematocrys- 
talline  or 
cruorine. 


Shape  of  crys- 
tals. 


Spectrum  of 
oxydised  and 
reduced 
hematocrys- 
talliue. 
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within  the  living  blood  vessels,  shows  the  same  bands, 
we  can  assume  that  hematocrystalline  is  present  in  it 
as  such,  and  not  formed  by  the  process  of  preparing 
the  crystals.  Hematocrystalline  can  be  deprived  of  its 
oxygen,  and  then  its  spectrum  changes  to  that  of 
reduced  hematocrystalline.  Shaking  with  oxygen, 

Su^spifu  restores  the  double-banded  spectrum.  The  two  bands 

up  into  albu-  . 

urinous  body  therefore  belong  to  arterial  blood,  the  one  band  to 

audbeuiatme.  » 3 

venous  blood  (Stokes).  Hematocrystalline  contains  as 
proximate  constituents  an  albuminous  body,  which 
after  separation  remains  amorphous  and  colourless, 
and  hematine,  which  retains  the  colouring  power,  the 
spectral  influence  upon  light,  and  the  iron  of  the 
original  substance,  though  all  varied  in  kind,  proportion 
and  quantity.  Hematine  has  an  atomic  weight  of 
about  620,  and  from  7-5  to  8 per  cent,  of  iron.  It 
occurs  together  with  hematocrystalline  in  the  urine  in 
cruenturesis  (paroxysmal  hematuria).  It  yields 
many  remarkable  products  of  decomposition.  Its 
spectra  in  various  solvents  and  in  the  reduced  state, 
and  the  spectra  of  the  new  derivates,  are  very  charac- 
teristic. The  optical  and  chemical  phenomena  of 
hematocrystalline  and  hematine  are  applicable  to 
medico-legal  research,  as  affording  the  most  certain 
diagnosis  of  blood  upon  the  smallest  quantities  of 
material.  A diminution  of  hematocrystalline  in  the 
body  constitutes  the  disease  termed  “ chlorosis”  or 
“ ansemia.”  It  is  either  a specific  ailment,  or  a sym- 
ptom and  consequence  of  chronic  disorders,  or  acute, 
particularly  tropical  fevers. 

Ccrebric  acid  Hesidcs  lieiiiatocrystalhne  the  blood  corpuscles  con- 

in  blood-cor- 

puscles. 
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tain  a quantity  of  cerebric  acid  or  of  lecitliine.  This 
has  been  variously  called  myeline  (Virchow),  protagon 
(Liebreich),  and  other  names,  but  it  is  probably  the  same 
body  as  that  which  can  be  extracted  from  the  brain.  We 
further  have  in  blood  corpuscles  a certain  quantity  of  stroma, 
what  is  called  stroma.  This  is  merely  a name  for  a 
substance  which  is  supposed  to  give  them  a shape. 

The  stroma  remains  when  the  other  bodies  are 
extracted.  It  is  a kind  of  chemical  skeleton,  and 
can  be  isolated  (by  freezing,  for  example)  and  investi- 
gated (Rollet).  It  seems  to  be  very  different  from 
the  albuminous  matters  combined  in  hematocrystalline, 
for  it  is  soluble  in  ether,  alcohol,  and  chloroform,  when 
these  agents  are  dissolved  in  serum.  But  it  contains 
a small  quantity  of  fibrino -plastic  substance  (Alex. 
Schmidt),  namely  paraglobuline,  sometimes  also  termed  Stroma  con- 

. tains  paraglo- 

globulme.  This  remains  insoluble  when  the  blood- buUne- 
corpuscles,  previously  separated  from  serum  by  solu- 
tions of  salt,  are  deprived  of  hematocrystalline  by 
water.  The  gelatinous  paraglobuline,  after  shaking 
with  water  and  ether,  is  soluble  in  solutions  of  salt, 
dilute  alkalies,  and  water  containing  one  per  mille  of 
hydrochloric  acid.  Brought  in  contact  with  fibrino- 
genous  solutions  it  frequently  produces  fibrine. 

The  blood-corpuscles  carry  oxygen,  which  has  great  Function  of 
affinity  for  hematocrystalline,  from  the  lungs  to  the  corPuscles- 
most  distant  or  hidden  and  internal  parts  of  the  body. 

They  there  yield  it  up  to  the  tissues,  principally  the 
muscles  or  the  oxydisable  matters  contained  in  their 
juices,  and  the  tissues,  thus  oxydised,  return  the  car- 
bonic acid,  water,  urea,  and  other  products  into  the 
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blood.  The  muscles  may  either  oxydise  immediately 
or  store  the  oxygen  in  large  quantities,  particularly 
during  sleep,  by  means  of  their  red  colouring  matter, 
which  is  identical  with  hematocrystalline.  Although 
the  carbonic  acid  affects  the  colour  and  condition  of 
the  blood-corpuscles,  nevertheless  the  latter  are  not 
carriers  of  the  carbonic  acid.  This  gas  is  in  the  serum. 
i^mth'e0  acid  It  fl1Gre  partly  dissolved  in  the  same  manner  as  in 

soda  or  Seltzer  water,  but  to  a great  extent  it  is  com- 
bined with  alkaline  bases,  particularly  sodium.  When 
the  blood-corpuscles  of  the  venous  blood  arrive  in  the 
lungs,  they  have  undergone  a change  which  consists  in 
the  partial  oxydation  of  a small  quantity  of  their  hema- 
tocrystalline, and  this  is  transformed  into  an  acid 
Hematic  acid,  which  I will  call  hematic  acid.  This  blood-acid  contains 
nitrogen.  It  is  not  similar  to  any  of  the  acids  we 
know.  It  is  not  volatile  but  fixed  : it  is  evolved  from 
the  blood-corpuscles  and  passes  into  the  serum  at  the 
very  moment  when  the  former  arrive  in  the  small 
breathing  cells  of  the  lungs.  There  the  blood-acid 
combines  with  the  sodium,  and  the  carbonic  acid  is  set 
free  and  is  left  to  take  its  course,  with  water-vapour, 
through  the  lung  tissue  into  the  respiratory  passages.*' 

* The  excretion  of  carbonic  acid  from  the  lungs  is  an  act  of  specific 
secretion,  to  which  the  presence  of  oxygen  (and  nitrogen)  may  be  a 
supplementary  advantage  (as  favouring  diffusion),  but  is  not  essential. 
H liter’s  observation  of  twin  foeti,  which  were  born  living  within  the 
uninjured  membranes  and  surrounded  by  the  liquor  amnii,  and  in  that 
condition  exhaled  gas,  is  to  me  conclusive  evidence  of  this,  as  also  of 
my  proposition  that  the  act  of  first  breathing  is  an  act  of  secretion. 
This  theory  is  fertile  of  explanations  of  many  dark  phenomena,  such  as 
the  peculiar  power  of  newborn  children  to  sustain  prolonged  states  of 
asphyxia. 
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In  my  research  on  cholera  I have  shown  that  in  Blood  change 

•I  m_cllolera. 

that  disease  the  serum  of  the  blood,  being  changed  in 
its  constitution  in  consequence  of  the  alvine  flux,  refuses 
to  perform  the  functions  which  it  performed  before.  It 
exhausts  water  and  other  matters  from  the  blood- 
corpuscles,  and  the  latter  thereupon  cease  to  carry 
oxygen ; oxydation  does  not  take  place  any  longer, 
hence  the  temperature  falls,  and  the  algid  condition  of 
cholera  is  produced.  In  yellow  fever,  and  in  a disease 
which  occurs  in  England,  paroxysmal  cruenturesis,  the 
hematocrystalline  of  a portion  of  the  blood-corpuscles 
leaves  them,  and  in  the  one  disease  decomposes  and 
colours  the  skin  yellow,  in  the  other  appears  in 
the  urine  with  a red  or  reddish-brown  colour.  A 
similar  decomposition  takes  place  in  some  cases  of 
pyamiia,  and  in  poisoning  by  arseniuretted  hydrogen, 
and  by  the  bite  of  venomous  serpents.  Several 
poisons,  such  as  sulphuretted  hydrogen,  carbonic 
oxyde,  hydrocyanic  or  prussic  acid,  kill  or  injure 
by  decomposing  the  hematocrystalline,  or  com- 
bining with  it,  and  keeping  the  oxygen  out.  Thus 
the  study  of  many  diseases  requires  an  intimate  know- 
ledge of  the  constitution  of  the  blood-corpuscles.  The 
value  of  this  we  have  only  just  begun  to  appreciate, 
and  the  chemical  and  optical  methods  of  investigation 
applied  with  rigorous  accuracy  will  bring  us  not  only 
the  explanation  of  normal  phenomena  at  present  re- 
maining obscure,  but  also  useful  practical  information 


on  the  nature  of  diseases,  processes  of  poisoning,  and 
their  treatment  by  prevention  or  cure. 

One  of  the  most  remarkable  properties  of  the  blood  ofth^biooi 
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genous 

matter. 


is  its  power  of  coagulating  or  setting  shortly  after  it 
lias  left  tlie  body.  Of  this  phenomenon  many  in- 
genious theories  have  been  given,  but  none  has  yet 
satisfied  the  demands  of  exact  chemical  science.  The 
latest  and  most  plausible  one  is  that  of  A.  Schmidt, 
according  to  which  the  serum  contains  two  substances, 
which  have  the  power  of  combining  with  each  other 
to  form  fibrine,  the  substance  which  produces  the 
phenomenon  of  the  curdling  of  the  blood,  as  caseine 
produces  that  of  the  milk.  One  of  these  matters  has 
been  termed  fibrinoplastic  substance  (paraglobuline) 
contained  in  serum  and  corpuscles,  the  other  fibrino- 
gen, contained  also  in  serum  and  other  fluids  of  the 
body.  There  is  no  doubt  that  substances  answering 
to  these  descriptions  can  be  isolated,  and  when  brought 
together  mostly  form  fibrine.  But  what  is  not  yet 
proved  is  that  they  combine  in  atomic  proportions.  It 
is  just  possible  that  the  paraglobuline  only  acts  as  a 
ferment  like  rennet,  and  transforms  fluid  fibrinogen 
into  gelatinous,  solid,  or  fibrous  fibrine,  by  the  power 
which  in  chemistry  is  termed  contact  action.  But 
even  should  this  theory  be  confirmed  as  at  present 
shaped,  it  would  fail  to  afford  any  answer  to  the 
obvious  question  as  to  the  inhibitory  power  which 
prevents  these  bodies  from  reacting  upon  each  other 
in  the  circulating  blood.  The  cause  of  the  coagu- 
lation being  determined,  would  make  room  for  the 
question  as  to  the  cause  of  the  fluidity  and  non-com- 
bination of  these  bodies  during  life  and  circulation, 
circum-  This  would  no  doubt  be  a progress,  but  not  a solution, 
which  blloT  T+-  -ic*  a fact  that  blood  while  in  contact  with  the  inner 
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surface  of  healthy  blood-vessels  in  living  bodies,  even 
when  prevented  from  flowing  by  double  ligatures,  does 
not  coagulate.  Even  coagulated  blood,  when  placed 
into  the  cavity  of  the  excised  heart  of  a turtle  becomes 
fluid  again.  From  these  and  similar  facts  the  living 
walls  of  blood-vessels  were  said  to  be  the  agencies 
which  kept  the  blood  fluid  (Briicke).  But  such  a 
statement  is  only  a circumscription,  not  an  explanation 
of  the  fact,  which  therefore  requires  further  study  and 
investigation. 

It  must  always  be  borne  in  mind  that  by  the  method  tF,hTaibun" 
of  physiolysis,  or  putrefaction  conducted  upon  certain  iy»&'.ph>sl° 
principles  and  with  certain  precautions,  fibrine  yields 
albumen,  and  that  consequently  the  atomic  constitution 
of  fibrine  must  be  more  complicated,  and  its  atomic 
weight  higher  than  that  of  albumen. 

The  yellowish  liquid  which  remains  when  the  fibrine  Chemical  con- 
stitution of 

lias  been  allowed  to  set  in  the  blood,  and  to  enclose the  seium- 
and  retain  in  its  contracting  meshes  the  blood-cor- 
puscles, is  termed  the  serum.  It  yet  has  a quan- 
tity of  paraglobuline,  of  which  only  a small  portion  paragiobu- 
has  been  used  up  towards  the  formation  of  fibrine. 

It  further  contains  sodium  albumen  (or  caseine  of  Sodinm  and 
serum,  Panum),  and  a very  small  quantity  of  potassium  bumenUmdl" 
albumen.  The  paraglobuline  is  precipitated  by  carbonic 
acid  from  serum  diluted  with  10  volumes  of  water,  the 
albuminates  dissolved  in  combination  with  the  alkaline 
metals  are  set  free  by  a little  acetic  acid.  But  the 
ingredient  of  serum  which  is  present  in  the  largest 
quantity  (7 '9  to  9‘8  percent.)  is  the  albumen  particular 
to  the  serum,  or  blood  albumen,  as  distinguished  from  serum  albu- 
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tlie  albumen  or  white  of  egg.  This  is  completely 
precipitated  by  boiling  in  the  presence  of  a little  acetic 
acid.  If  no  acetic  acid  is  present,  sodium  albumen, 
formed  during  the  process  of  coagulation,  remains  in 
solution. 

The  serum  contains  neutral  fats  and  soaps  in  solution 
or  suspension,  in  the  latter  case  being  rendered  milky 
or  turbid  thereby.  In  cases  of  disease  which  I have 
made  known  the  serum  also  contains  free  fatty  acids. 
These  acids  are  emulged  with  the  phosphate  of 
sodium  of  the  serum,  and  after  extraction  by  ether  are 
again  easily  emulged  by  boiling  with  a solution  of 
common  sodium  phosphate  in  water.  A similar 
emulsion  I have  shown  to  occur  in  so-called  chylous 
urine,  and  in  certain  effusions  in  the  scrotum,  termed 
variously  milky  hydrocele  or  lactocele  or  better  lipo- 
rocele.  The  serum  further  contains  cholesterine, 
kreatinine,  urea,  kippuric  and  lactic  acid  in  small  quan- 
tities, and  at  least  one,  perhaps  two,  yellow  colouring- 
matters  are  contained  in  it.  In  gout,  uric  acid  as 
urate  of  sodium  and  calcium  is  found  in  it ; in  diabetes, 
sugar ; in  jaundice,  biliary  colouring  matter,  or 
cholophgeine ; and  in  leukocytksemia,  formic  acid, 
xanthine  and  other  matters. 

Of  inorganic  salts  the  serum  contains  sodium  chlo- 
ride, sodium  dicarbonate,  and  calcium  phosphate,  small 
quantities  of  magnesium  phosphate,  still  smaller  ones 
of  potassium  salts.  The  chemical  operations  of  the 
serum  (and  blood  on  the  whole)  employ  sodium  salts 
mainly,  while  those  of  the  muscles  mainly  choose 
salts  of  potassium.  We  shall  see  how  the  function  of 
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tlie  liver  employs  tlie  sodium  as  the  principal  mineral 
base  for  its  peculiar  acids.  But  an  explanation  of  this 
strict  separation  has  yet  to  be  found.  We  are  more 
confused  than  enlightened  by  the  discovery  of  the 
apparent  paradox  that  fish,  living  in  a medium 
abounding  with  sodium  salts,  should  form  a bile  the 
mineral  base  of  which  is  potassium. 

The  serum  carries  nearly  the  whole  of  the  carbonic 
acid  contained  in  the  blood,  particularly  when  it  be- 
comes venous.  This  is  present  in  two  forms,  the  one 
dissolved  and  removable  by  the  vacuum,  the  other 
combined  with  soda  as  carbonate  and  clicarbonate,  and 
dislodged  only  by  acids  and  boiling.  It  is  also  possible 
that  the  sodium  phosphate  attracts  a portion  of  car- 
bonic acid  and  holds  it  in  peculiar  loose  combination. 

The  physiology  of  the  gases  of  the  blood,  of  the 
oxygen,  nitrogen,  and  carbonic  acid  contained  in  its 
modifications  of  arterial  and  venous  character,  has 
lately  been  improved  by  the  invention  of  instruments 
and  methods ; but  these  do  not  yet  satisfy  all 
demands. 

The  total  quantity  of  blood  contained  and  circulating 
in  a living  man  has  for  many  years  been  greatly  over- 
estimated, owing  to  fallacious  conclusions  derived  from 
the  practice  of  bloodletting.  The  best  methods  avail- 
able about  ten  years  ago  reduced  the  quantity  to  7' 7 
per  cent,  of  the  weight  of  the  body  (Bischoff).  But 
this  has  to  be  again  reduced,  as  in  these  processes  the 
myochrome  was  not  deducted  from  the  hematocrystal- 
line,  by  the  quantity  of  which  the  blood  was  estimated. 
Seven  per  cent,  of  the  weight  of  the  body  will  probably 
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be  a more  correct  estimate  of  tbe  quantity  of  blood 
than  any  other  hitherto  made. 

striated  mus-  Tpe  striated  muscles  consist  of  particular  contractile 
matter,  disposed  in  layers  within  a fine  membranous 
bag  (sarkolemma)  and  connective  tissue.  The  contrac- 
tile matter  is  arranged  in  disks  consisting  of  syntonine, 
which  are  laid  close  together,  separated  and  surrounded, 
however,  by  a particular  plasma.  This  can  be  isolated 
from  muscles  treated  at  the  freezing  point,  taken  out 
of  the  animal  just  killed,  or  from  cold-blooded  animals, 
pi'isnui"  such  as  frogs.  The  plasma  is  alkaline,  and  coagulates 
on  standing  like  blood ; by  beating  the  coagulation  is 
Myosine.  favoured.  The  coagulum  is  termed  myosine ; it  is 
flaky,  never  fibrous,  and  more  transparent  than  fibrine. 
Plasma  dropped  into  warm  water  coagulates  instan- 
taneously, and  deposits  pure  myosine.  Like  fibrine, 
myosine  decomposes  peroxyde  of  hydrogen.  By  solu- 
Syntonme.  tion  in  dilute  acids  it  is  transformed  into  syntonine. 
This  is  the  name  of  the  solid  part  of  the  flesh  tissues, 
the  particular  fibrine  of  flesh  of  Liebig,  which,  insoluble 
in  water,  can  be  extracted  from  the  insoluble  part  of 
meat  by  dilute  acids  in  large  quantities.  The  muscle- 
plasma,  after  coagulation  of  the  myosine,  leaves  the 
Muscle-  muscle-serum.  This  becomes  quickly  acid,  like  all 
meat  on  keeping,  and  on  neutralization  deposits  an 
First  aibumi-  albuminous  substance.  The  fluid  on  acidification  pre- 

nous  matter.  t . . . _ 

cipitates  albumen  which  was  m combination  with 
potassium.  This  precipitation  occurs  in  the  meat 
naturally  by  formation  of  paralactic  acid,  which  at  first 
shares  the  potassium  of  the  phosphate,  and  transforms 
it  into  acid  phosphate.  To  this  belongs  the  acid 
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reaction  of  kept  meat.  Only  when  excess  of  paralactic 
acid  in  its  free  state  is  present  does  the  albumen 
separate  from  the  potassium-albuminate.  Besides  these 
two  modifications  the  muscle-serum  contains  the  ordi- 
nary serum  albumen  of  blood.  There  is  also  contained  albumen, 
in  the  serum  of  the  red-coloured  muscles  a coloured 
albuminous  matter,  myochrome,  identical  with  hemato-  Myochromc. 
crystalline.  In  white  muscles  this  matter  seems  to  be 
absent.  When  flesh  is  extracted  with  water  the  albu- 
minous matters  contained  in  the  solution  are  precipi- 
tated by  boiling  (albumen  curdles  at  65°  C.,  hemato- 
crystalline  onlyat  about  90°  C.),anda  faintly  yellow  broth 
is  obtained,  which,  when  made  of  mutton,  retains  that 
name,  but  when  made  of  beef  is  popularly  termed  beef-  Beef-tea. 
tea.  This  mysterious  fluid,  which  is  of  great  dietetic 
value  to  the  healthy  and  the  sick,  contains  a great 
number  of  remarkable  ingredients — kreatine,  C,H„ISLO.-,:  i“g«dients 
kreatinine,  C4H7N30,  the  former  a neutral  body,  the 
latter  a powerful  organic  base,  which  also  appears  in 
the  urinary  excretion  ; uric  acid,  C5H4N403 ; xanthine, 
C5H,.N,Oo  ; hypoxanthine  or  sarkine,  G-H4N40  ; gua- 
nine,  C5H-N-0  ; all  of  which  appear  in  the  urine  of 
man  or  of  the  lower  animals  ; taurine,  the  body  obtain- 
able from  taurocholic  bile- acid,  and  which  may  there- 
fore, perhaps,  be  formed  in  the  muscles,  and  carried  to 
the  fiver,  or  be  formed  in  the  fiver  and  carried  to  the 
muscles,  or  be  form.ed.in  both  in  different  ways  ; inosic 
acid,  C5HcN205,  and  acids  of  analogous  composition  ; 
further  bodies  free  from  nitrogen,  as  paralactic  acid, 

C3H603 ; formic,  acetic,  and  butyric  acids  ; gfykogen, 
the  same  as  that  in  the  liver ; dextrine ; sugar,  or 
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grape-sugar,  and  a particular  kind  of  sugar  also  found 
in  tlie  green  sliells  of  French,  beans,  namely,  inosite, 
C6H12O0  + H30.  The  total  of  these  bodies  which  are 
known  amounts  to  two  grammes  from  the  extract  of 
1000  grammes  of  flesh ; but  the  total  amount  of  extract 
obtained  is  12  grammes  of  organic  substances.  Con- 
sequently five  sixths  of  the  extract  of  meat  are  at 
present  quite  unknown  to  us.  The  extract  of  the  meat 
of  animals,  oxen  and  sheep,  has  now  become  an  article 
of  wholesale  manufacture  and  of  trade.  It  contains 
about  18  per  cent,  of  salts,  of  which  nearly  half  the 
weight  is  potash ; less  than  18  per  cent,  of  water,  and 
of  its  dry  residue  60  per  cent,  are  soluble  in  alcohol  of 
80  per  cent,  strength.  The  economic  advantages  of 
this  extract  are  the  direct  result  of  the  purely  scientific 
studies  of  Baron  'Liebig,  and  have  made  his  name 
literally  a household  word.  The  residue  of  the  meat 
from  which  the  extract  has  been  pressed  contains  all 
matters  insoluble  in  water,  syntonine,  myosine,  sarko- 
lemmata,  with  nuclei,  and  fat.  Some  of  this  fat  is 
visible  under  the  microscope  in  the  fibre,  but  some  is 
invisible  and  dissolved,  though  not  as  soap.  The 
residue  contains  phosphate  of  potash  in  insoluble  com- 
bination with  an  organic  matter,  but  no  chlorides. 

The  muscle  is  a machine  for  the  transformation  of 
chemical  into  mechanical  force,  and  for  the  storing  and 
exercise  of  that  force.  The  exercise  is  partly  constant 
and  involuntary,  partly  intermittent  and  subject  to  the 
will.  The  loaded  muscle  is  alkaline,  full  of  disposable 
oxydisable  matter,  and  of  oxydant,  namely,  oxygen. 
The  nerves  of  motor  influence  effect  chemical  contact 
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and  immediate  contraction  of  the  various  elements. 

The  muscle  becomes  acid  during  work,  and  gives  off 
large  quantities  of  carbonic  acid.  The  disintegration 
of  its  albuminous  matter  seems  hardly  to  be  increased 
immediately,  but  that  of  the  carbonaceous  substances 
is  evident.  Muscular  exercise  does  not  increase  the  quan- 
tity of  excreted  urea,  but  it  augments  that  of  the  carbonic 
acid  exhaled  to  perhaps  tenfold  the  amount  excreted  in 
rest  during  equal  times.  The  muscle  participates  in  all  muscles, 
febrile  diseases  of  the  body,  and  is  frequently  the  seat 
of  idiopathic  processes.  In  typhoid  and  typhus  fever 
it  becomes  disorganised  in  a high  degree,  losing  struc- 
ture, and  assuming  a yelloAV  appearance.  In  fatty 
degeneration  it  loses  its  contractility,  and  shows  fat 
in  a free  state  amongst  changed  structure  elements. 

In  death  from  carbonic  oxyde  it  has  a red  florid  colour 
due  to  the  combination  of  the  poison  with  its  liemato- 
crystalline ; in  tetanus  it  is  spasmodically  contracted, 
changed,  and  frequently  torn ; in  hydrophobia  it  is 
similarly  injured  and  torn  ; in  trichiniasis  it  is  the 
specific  seat  of  a parasite,  the  trichina  spiralis,  which 
does  not  live  in  any  other  tissue.  The  changes  of  the 
muscles  in  diseases  have  only  just  begun  to  be  studied, 
and  cannot  fail  to  be  found  of  the  utmost  importance. 

As  the  muscle  during  life  takes  up  oxygen  from  the  Dead  muscle, 
blood,  besides  nutriment  of  the  most  varied  kind,  and 
renders  back  to  the  venous  blood  carbonic  acid,  water, 
and  a host  of  refuse  matters,  so  does  the  dead  muscle, 
its  coagulated  myosine  notwithstanding,  continue  some 
time  to  breathe,  take  up  oxygen  and  give  out  carbonic 
acid.  At  last  its  atoms  take  a new  direction,  and 
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physiolysis  or  putrefaction  commences.  The  muscle 
yields  the  products  common  to  the  albuminous  sub- 
stances, tyrosine,  leucine,  volatile  acids,  and  alkalies, 
&c.  The  same  products  are  obtained  by  cliemolysis  ; 
leucine  was  first  discovered  (by  Braconnot)  in  the 
decomposed  muscular  tissue.  By  continuing  the  study 
of  cliemolysis  we  shall  probably  be  able  to  learn  more 
about  the  changes  of  the  muscles  in  disease,  as  well  as 
about  the  ingredients  of  flesh  extracts  which  are  at 
present  unknown. 

The  smooth  or  organic  involuntary  muscular  fibres 
contain  some  ingredients  similar  to  those  of  the 
striated,  but  require  to  be  better  studied — a matter  of 
great  difficulty,  as  they  cannot  easily  be  isolated. 

The  nerves  and  brain  consist  mainly  of  minutely 
thin  long  fibres,  and  of  cells  standing  in  connection 
with  these  fibres.  These  fibres  are  membranous  tubes, 
filled  with  a peculiar  nerve  or  brain  marrow.  When 
the  nerves  are  taken  out  of  the  living  body  they  change 
quickly,  and  the  marrow  of  the  tubes  separates  into 
two  substances — a central  one,  the  cylinder  axis,  and 
an  outer  or  periaxial  portion.  This  change  is  not  yet 
quite  explained.  Possibly  it  may  consist  in  a coagula- 
tion of  the  axial  cylinder,  which  causes  its  contraction. 
The  axial  cylinder  is,  however,  already  in  life  of  a 
different  chemical  composition  from  the  periaxial  tube, 
for  it  shows  no  effects  in  the  polariscope,  while  the 
periaxial  part  exhibits  dark  or  light  crosses.  The 
chemical  constitution  of  these  matters  is  perhaps  the 
greatest  problem  of  organic  and  physiological  chemistry. 
A consideration  of  all  researches  since  the  time  of 
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Vauquelin  tends  to  show  that  brain  matter  is  con- 
stituted similarly  to  the  hematocrystalline  of  the  blood ; 
that  it  contains  an  albuminous  matter  to  which  is 
combined  a substance  containing  nitrogen  and  phos- 
phorus ; that  its  molecule  must  therefore  be  very  com- 
plicated and  large,  and  that  the  matters  hitherto  ex- 
tracted from  the  brain  are  at  the  most  detached 
proximate  nuclei,  or  single  stones  broken  out  of  the 
mosaic  picture  which  its  molecule  may  be  imagined  to 
represent.  The  principal  one  of  these  detached  nuclei 
is  a body  of  which  a small  quantity  can  be  extracted 
from  brain  matter  by  boiling  alcohol,  and  which  has 
been  variously  termed  brain -wax,  brain-fat;  but  by 
Fremy,  who  first  obtained  it  pure  and  determined  its 
composition,  was  found  to  be  an  acid,  and  termed 
cerebric  acid.  Lately  Liebreich,  having  examined  the 
same  substance,  gave  it  the  name  of  protagon,  but 
without  any  valid  reason.  This  cerebric  acid  appears 
in  crystalline  needles,  and  gives  remarkable  reactions. 
By  decomposition  it  yields  fatty  acids,  glycero-phos- 
phoric  acid  (C3H9P06)  containing  the  whole  of  its 
phosphorus,  neurine  (C6H13N),  choline  (C5H15lSrOo), 
and  cerebrine  (C17H33N03).  This  reaction  makes  it 
probable  that  it  is  proximately  composed  of  cerebrine 
and  lecythine  (C43H84NP09),  which  latter  yields  the 
products  last  mentioned  by  the  following  reaction. 

C42H84NPO0  + 3FLO  = 

— „ > 
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Much,  of  it  is  contained  in  the  brain  in  a state  of  such 
firm  combination  that  even  concentrated  sulphuric  acid 
does  not  easily  set  it  free.  There  is  further  in  the  brain 
cholesterine,  the  peculiar  alcohol  of  which  a quantity 
is  constantly  excreted  with  the  bile.  The  albuminous 
substance  of  the  brain  has  not  yet  been  isolated  com- 
pletely ; a small  quantity  can  be  extracted  as  potash- 
albumen  (or  caseine) ; another  quantity  is  insoluble  in 
water,  and  its  presence  can  only  be  deduced  from  the 
curdling  of  brain-matter  by  boiling,  and  from  the  pro- 
ducts of  the  chemolytic  process,  which,  as  I have  found 
by  special  researches,  yields  all  the  products  of  cliemo- 
lysis  of  albuminous  matter,  volatile  acids  and  alkalies, 
leucine,  tyrosine,  and  other  substances.  Of  other 
matters  there  are  found  in  the  brain  substance  lactic 
and  a volatile  acid,  and  inosite ; uric  acid,  xanthine 
and  hypoxanthine ; kreatine.  Sugar  is  sometimes 
found,  but  may  be  merely  a product  of  transformation 
of  cerebrine,  and  more  rarely  a substance  which  gh  es 
reactions  similar  to  starch,  and  the  study  of  which 
may  perhaps  throw  some  light  on  the  peculiar  disease 
termed  amyloid  degeneration.  In  diseases,  leucine  and 
a homologue  of  it  appear  sometimes.  In  others  much 
urea  collects  in  the  brain  and  in  the  cerebro-spinal 
fluid,  which  fills  the  cavities  of  the  brain  and  spinal 
marrow.  The  largest  quantities  of  urea  are  met  with 
in  cholera,  in  which  the  cerebro-spinal  fluid  may  con- 
tain as  much  as  ordinary  urine.  In  a case  of  softening 
of  the  brain  Lehmann  found  glycero-phosphoric  acid 
in  the  softened  matter.  The  brain  substance  con- 
tains 25  per  cent,  of  solids  only,  and  75  per  cent. 
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of  water.  Its  asli  contains  acid  phosphates  and  a 
quantity  of  free  phosphoric  acid,  a residue  of  the 
destroyed  cerebric  acid.  Besides  much  potassium, 
some  sodium,  little  magnesium  and  calcium,  the  ash 
always  contains  a notable  quantity  of  iron.  The  ash 
of  the  grey  matter  of  the  brain  is  always  alkaline, 
owing  in  part  to  the  circumstance  that  it  contains  less 
cerebric  acid  than  the  white  matter.  When  an  ethereal  “yeime. 
extract  of  brain  matter  is  mixed  with  water,  and  seen 
under  the  microscope,  it  swells  and  projects  various 
peculiar  forms  of  matter  in  various  directions.  The 
phenomenon  is  due  to  cerebric  acid,  which  is  dissolved 
in  soap ; it  has  given  much  and  varied  amusement  to 
microscopists. 

The  connective  tissue  forms  tendons,  fascice  qj*  Connective 

’ tissue. 

envelopes  of  muscles  and  limbs,  ligaments  of  joints  and 
capsules,  and  binds  all  organs  of  the  body  together. 

It  consists  of  fibres,  of  a cement  uniting  these  to  a 
tissue,  of  cells  or  so-called  corpuscles,  and  is  inter- 
spersed with  elastic  fibres.  It  is  soaked  with  potas- 
sium-albumen. The  cement  is  soluble  in  caustic  lime  Cement 

murine. 

and  in  baryta-water ; it  is  reprecipitated  by  acetic  acid, 
and  then  manifests  itself  as  mucine,  identical  with  that 
of  the  salivary  glands  and  embryonic  tissues,  e.  g.,  the 
umbilical  cord ; the  fibrillse  remain  isolated,  but  mixed 
with  the  corpuscles  or  cells  and  their  nuclei,  and  with 
elastic  fibres.  In  acetic  acid  the  fibrillm  are  trans- 
formed into  glutine  or  glue.  The  same  transformation  g^eor 
is  effected  by  prolonged  boiling  in  water.  The  elastic 
fibres  resist  this  treatment.  Both  sorts  of  fibre  by 
chemolysis  yield  tyrosine,  leucine,  volatile  acids,  and 
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alkalies,  but  the  gelatine  is  distinguished  by  yielding 
glykokoll,  the  lower  liomologue  of  leucine,  while  elastic 
fibres  yield  more  leucine.  Mucine  yields  sugar  by 
cliemolysis,  and  in  tliis  respect  resembles  cliondrine, 
but  it  also  yields  much  tyrosine,  up  to  7 per  cent. 
These  various  data  have  given  rise  to  the  idea  that 
mucine  and  glutine  were  products  of  a peculiar  cleavage 
of  albumen,  but  albumen  has  not  yet  been  found  to 
yield  any  sugar.  The  cells  or  corpuscles  of  the  con- 
nective tissue  consist  of  a semi-fluid  matter  which  is 

Protopiasma.  termed  the  protoplasma,  and  of  nuclei.  In  the  pro- 
ponent. toplasma  of  the  cells  of  the  connective  tissue  pigment 
is  frequently  deposited  (choroid,  rete  Malpighii  of 
negro, bronzed  skin  disease,  freckles,  melanotic  cancers), 
which  is  black  or  brown.  Of  this  pigment  very  little 
is  known. 

Patty  tissue.  The  fat  tissue  is  made  up  of  cells,  in  the  interior  of 
which  fat  is  deposited,  and  of  connective  tissue.  The 
fat  cells  are  probably  peculiar  organs,  but  the  cells  of 
the  connective  tissue  above  described  are  probably  able 
to  deposit  fat  within  their  substance  under  certain 
circumstances.  Some  fat  tissue  remains  permanently 
in  the  body,  some  may  lose  its  fat  during  starvation  or 
disease,  and  regain  it  afterwards.  The  fats  in  the  human 
fat  tissue  are  mostly  those  described  in  the  paragraph  on 
digestion,  namely,  tri-stearine,  tri-palmitine,  tri-oleine. 
The  fatty  tissue  is  subject  to  hypertrophy,  or  excessive 
infiltration ; there  are  also  peculiar  colorations  ob- 
served in  several  diseases,  (e.  g.,  consumption  or 
phthisis),  which  are  due  to  an  accumulation  of  luteine. 
Newly  formed  fat  tissue  is  observed  in  the  fatty 
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tumours  or  lipomata.  Fat  in  tissue  may  originate  in  ratty  tumour, 
several  ways  ; it  may  liave  been  eaten  with  the  food, 
and  after  absorption  have  only  been  carried  to  the  cells  ; 
or  it  may  be  formed  from  sugar,  dextrine,  and  glykogen  ; 
or  lastly,  it  may  owe  its  existence  to  the  decomposition 
of  albumen.  Thus  the  cholic  acid  of  bile  might  easily 
yield  any  of  the  fatty  acids,  and  sugar  the  glycerine. 

But  the  proofs  of  any  of  these  processes  have  not  yet 
been  furnished. 

Cartilage  contains  peculiar  cells  and  chondrinogen,  cartilage, 
or  a substance  which  by  boiling  becomes  chondrine. 

This  matter  gelatinises  like  gelatine,  but  is  not  soluble 
in  acetic  acid,  on  the  contrary  is  precipitated  by  it. 

Boiled  with  hydrochloric  acid,  chondrine  yields  sugar. 

The  chemical  composition  of  the  cornea  is  similar  to  Comea. 
that  of  cartilage,  particularly  the  hyaline  variety. 

The  fluids  of  the  eye,  particularly  the  vitreous  body, 
contain  much  potassimn  chloride  and  little  organic 
matter. 

The  cartilages  are  subject  to  a degeneration  which  ossification, 
terminates  in  ossification. 

The  cartilage  surfaces  of  joints  are  lubricated  by  a synovia, 
fluid  which  is  termed  synovia.  It  contains  about  94 
Pei  cent,  of  water,  3'5  of  albumen,  0‘5  of  mucine,  and 
more  than  1 per  cent,  of  ash.  Its  origin  is  not  yet 
satisfactorily  explained.  During  diseased  conditions 
of  joints  much  synovia  can  be  detected  ; the  collection 
of  excess  of  synovia  in  a joint  constitutes  hydrarthron.  Hyd^on. 

A matter  similar  to  chondrinogen  is  hyaline,  of  which  Hyaline, 
the  cysts  of  old  echinococci  are  composed.  Boiled 
with  dilute  sulphuric  acid  it  yields,  like  the  chitine  of 
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Bones. 


Osseine. 


insects  and  articulate  animals  (C9H15N06)  dextrose 
fermentescible  sugar. 

Tire  bones  consist  of  a peculiar  combination  of 
organic  matter  witli  mineral  earthy  phosphates, 
and  contain  as  accessory  matters  marrow,  blood- 
vessels, and  cellular  nuclei  in  the  cavities  called  bone- 
corpuscles. 

The  organic  substratum  is  called  osseine  (a  name 
which  it  would  be  better  to  apply  to  the  entire  bone 
tissue),  the  mineral  matters  are  termed  bone-earth. 
The  osseine  is  obtained  by  extracting  the  bone-earth 
with  dilute  hydrochloric  acid.  It  retains  the  structure 
of  the  bone  substance,  which  is  disposed  in  concentric 
layers  round  a tubular  centre.  Osseine  dissolves  on 
boiling  in  water  like  glutin,  but  differs  from  the  latter 
in  several  particulars,  although  the  product  of  the 
solution  in  hot  water  is  true  gelatine.  Of  osseine 
purified  bones  contain  from  29'5  to  30'9  per  cent.,  with 
which  68-1  to  694  per  cent,  of  earthy  salts  are  in  com- 
bination. The  regularity  of  these  proportions  has  led 
to  the  assumption  that  bone  is  a chemical  compound  in 
definite  atomic  proportions  of  osseine  and  earths,'  and 
not  merely  a tissue  in  which  earths  are  deposited. 
Some  remarkable  experiments  show  that  gelatine  and 
earthy  phosphates  have  a peculiar  attraction  for  each 
other.  Thus  a mixture  of  gelatine  and  bone-earth  in 
hydrochloric  acid,  when  neutralised  by  ammonia, 
deposits  bone-earth  with  20  per  cent,  of  gelatine; 
vice  versa  when  tannic  acid  is  added  to  such  a solution 
tannate  of  gelatine  with  much  bone-earth  is  precipi- 
tated. Bone-earth  contains  94  per  cent,  of  calcium 
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carbonate,  87*7  of  calcium  phosphate  (Ca3P206),  1*7  of 
magnesium  phosphate  (Mg3P206),  and  3 per  cent,  of 
calcium  fluoride  (CaF2).  The  nutrition  of  the  bones 
proceeds  from  their  surface  towards  their  cavities. 

Certain  dyes,  given  with  the  food,  penetrate  into  the 
bones  and  stain  them.  The  idea  formerly  combined 
with  this  experiment,  namely,  that  the  bone  was 
rapidly  renewed  from  without  and  absorbed  in  the 
marrow  cavity,  is  probably  quite  untenable.  In 
several  important  diseases  the  bones  are  greatly 
affected,  and  become  either  brittle,  or  soft  and  bend. 

Such  diseases  are  rhachitis,  or  rickets,  common  in  Bhachit's- 
children,  the  osteomalacia  of  pregnant  women,  and  osteomalacia, 
that  particular  form  which  attacks  aged  persons.  In 
these  diseases  the  bone-earth  falls  to  about  30  per 
cent,  of  the  dry  bones,  while  the  osseine  rises  to  60 
and  80  per  cent.  The  osseine  at  the  same  time 
changes  its  chemical  character,  by  a curious  tissue 
transformation,  starting  from  the  marrow  cavities,  and 
now  no  longer  yields  glutine.  It  seems  that  the  agent 
by  means  of  which  in  this  no  doubt  complicated 
process  the  earths  are  removed  is  lactic  acid,  which  acid  in 

under  these  circumstances,  and  not  in  health,  is  found 
in  and  about  the  bones.  These  diseases  urgently  call 
for  chemical  investigation. 

O 

The  teeth  are  bones,  of  which  a part,  the  root,  is  con-  Teeth, 
structed  like  ordinary  bone ; while  the  top  or  crown  is 
formed  upon  a particular  plan,  round  many  minute 
tubes  ; this  latter  tissue  is  termed  dentine.  The  outer  Dentine, 
hard  covering,  the  cement,  is  an  epithelial  formation,  cement, 
containing  only  4 per  cent,  of  organic  matter,  92  per 
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cent,  of  earthy  phosphates,  and  4 per  cent,  calcium 
fluoride. 

Pus.  Pus  is  a product  of  disease  or  injury.  It  consists  of 

a serum,  in  which  many  corpuscles,  resembling  the 
white  corpuscles  of  the  blood,  are  suspended.  From 
corpuscles'1  the  corpuscles,  separated  by  filtration,  myosine  (see 
muscles)  is  obtained.  This  substance  is  probably  the 
instrument  of  the  contractility  of  these  bodies.  The 
Paragioim-  serum  has  fibrino-plastic  properties',  i.e.,  contains  para- 
“iimmcniM  * globuline,  which  can  be  precipitated  by  carbonic  acid ; 
6e““u'  on  addition  to  the  filtrate  of  acetic  acid  potassium  albu- 
minate or  caserne  is  precipitated,  and  after  the  remoi  al  of 
this  latter  serum  albumen  is  precipitated  by  heating, 
chonijrine  Mucino  has  never  been  found  in  pus.  Chondrine  and 

(iiiu  gimme. 

glutine  have  been  found  in  the  filtrate  from  the  pus 
coagulated  by  boiling.  They  are  probably  connected 
with  the  corpuscles,  like  the  glutine  which  is  found  in 
Leukocythre-  the  blood  in  leukocytluemia.  Pus,  probably  in  its  cor- 
Cerebric acid.  rmscles,  contains  cerebnc  acid  and  cholestei  me  , the 

Cliolesterine.  r ’ . , 

latter  is  deposited  on  standing.  During  standing  ancl 
decomposition  pus  also  deposits  palmitic  and  stearic 
acid  in  crystals,  oleic  acid  after  addition  of  acetic  acid, 
ratty  acids,  Q-ood  or  healthy  pus  from  wounds  contains  no  volatile 
Volatile  fatty  acids,  but  decomposing  pus  yields  volatile  acids  of  the 
fatty  series,  formic,  butyric,  valerianic,  in  short  pro- 
ducts of  putrefaction.  Pus  from  abscesses,  from 
phosphorus  disease,  and  ulcerating  cancers,  contains 
an  acid,  which  as  it  gives  a rose-pink  reaction  with 
cbiorrhodinic  chlorine  water,  has  been  termed  chloirhodmic  acid. 

A similar  substance  can  be  obtained  from  decomposing 
pancreas  extract  and  lymphatic  glands.  1 us  may  con- 
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tain  leucine,  tyrosine,  xanthine,  and  uric  acid ; in  the 
pus  from  jaundiced  persons  biliary  acids  and  cliolo- 
phasine  are  found ; in  that  from  diabetic  patients  sugar. 

The  so-called  blue  pus  derives  that  colour  from  a kind  BluePu«- 
of  vibrio,  which  yields  its  pigment  to  chloroform,  from 
which  it  is  obtained  in  crystals,  and  termed  pyocyanine.  Pyocyanine. 
The  solid  matters  contained  in  pus  amount  to  from 
10  to  15  per  cent. ; its  ash  is  similar  to  that  of  blood, 
contains  72  per  cent,  of  sodium-chloride,  and  more 
potassium-salt  than  blood-serum.  A knowledge  of  the 
composition  and  products  of  decomposition  of  various 
kinds  of  pus  from  abscesses,  ulcers,  wounds,  &c.,  is  of 
the  utmost  importance  for  the  study  and  treatment  of 
reactive  fever  after  wounds  and  operations,  of  various 
forms  of  blood  disease  termed  septichaemia,  and  pyaemia . rya>n>ia. 
In  all  these  affections  pus,  or  products  of  its  decompo- 
sition, are  absorbed  or  enter  in  a more  grossly  me- 
chanical manner  into  the  lymph  and  blood,  set  up  an 
acute  patholytical  process  which  leads  to  violent  attacks 
of  shivering,  fevers,  sweating,  diarrhoea;  then,  in  the 
case  of  septichaemia  and  pyaemia  to  secondary  deposits 
of  pus  or  other  fluids  in  various  organs  and  cavities, 
particularly  the  lungs  and  liver,  and  ultimately,  and  in 
nearly  all  cases,  to  death.  Against  this  fatal  disease  a 
particular  kind  of  treatment  of  wounds,  the  so-called 
antiseptic  treatment,  has  lately  been  devised,  and  is  now 
under  the  consideration  of  surgeons. 

O 

The  function  of  the  spleen  is  not  well  known,  but  sPieeu. 
seems  connected  with  the  elaboration  of  certain 
constituents  of  the  blood  and  certain  processes  of 
digestion.  The  organ  contains  much  blood,  and  a 
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Thymus 

gland. 


separation  of  its  tissue  and  juice  from  its  blood  has  not 
yet  been  effected.  The  fresh  spleen  is  alkaline,  but 
soon  becomes  acid.  The  watery  extract  contains 
liemato crystalline  and  the  other  ingredients  of  blood, 
besides  a peculiar  albuminous  matter  which  on 
combustion  leaves  phosphoric  acid  and  iron  oxyde.  It 
encloses  some  cholesterine.  After  removal  of  all 
albuminous  matters  there  are  in  the  extract  of  fixed 
acids  the  lactic  and  succinic,  of  urinary  products 
hypoxanthine,  xanthine,  and  uric  acid,  of  volatile  fatty 
acids  formic,  acetic,  butyric,  of  amido-acids  leucine  , ol 
alcohols  there  is  inosite  in  considerable  quantity. 
These  ingredients  show  that  chemical  processes  of 
various  kinds  must  be  carried  on  actively  in  the  spleen. 
They  are,  however,  not  indispensable  to  life,  as  animals 
from  which  the  spleen  has  been  removed  by  operation 
continue  to  live  without  any  perceptible  disturbance. 
In  leukocythsemia  the  spleen  is  frequently  very  large, 
and  weighs  up  to  nine  and  ten  pounds.  If  it  be  found 
small  in  that  disease  the  lymphatic  glands  are  cei  tainly 
enlarged.  The  spleen  is  sometimes  subject  to  (here) 
miscalled  amyloid  degeneration.  Although  in  this  state 
it  gives  many  reactions  of  albumen  it  is  indiges- 
tible in  artificial  gastric  juice ; it  gives  no  sugar  by 
treatment  with  sulphuric  acid,  and  is  little  prone  to 
change  by  artificial  or  natural  influences. 

The  thymus  gland  is  a mysterious  organ  situated  in 
the  chest  in  front  of  the  lungs.  It  becomes  of  less 
importance  to  the  adult  than  it  probably  is  to  the  foetus 
in  the  womb.  It  contains  albumen,  collagene,  elastic 
tissue,  a little  fat,  leucine,  xanthine,  hypoxanthine, 
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succinic  and  lactic  acid,  and  perhaps  also  volatile  fatty 
acids  and  sugar.  In  the  progress  of  the  involution  of 
the  thymus  the  amount  of  sodium  contained  in  it  is 
nearly  doubled. 

The  thyroid  contains  nearly  the  same  chemical  con-  Thyroid, 
stituents  as  the  thymus.  It  would  be  very  confusing 
that  the  constituents  of  glands  of  the  most  varied 
connection  and  situation  are  identical,  were  we  not 
reminded  that  the  defined  ingredients  are  perhaps  only 
one  fourth  or  one  sixth  of  the  whole  of  the  ingre- 
dients, and  that  specific  differences  may  therefore  be 
discovered  upon  the  ingredients  which  at  present  are 
undefined.  The  thyroid  is  said  to  contain  mucine,  par- 
ticularly when  in  the  state  termed  colloid  degeneration  ; 
it  then  also  contains  cholesterine . When  containing 
brown  fluids,  in  the  disease  termed  struma,  a sediment 
of  blood-corpuscles  is  mostly  present,  which,  however, 
contain  only  decomposed  hematocrystalline  in  the  form 
of  hematine. 

The  renculi  yield  many  curious  coloured  reactions,  suprarenal 

* * capsules. 

Their  alcoholic  or  ethereal  extracts  become  yellow  and 
red  when  exposed  to  the  air,  and  show  a green  fluor- 
escence due  to  renculine ; their  watery  extracts  are 
coloured  red  by  iodine,  and  blackish  blue  by  iron- 
chloride.  They  contain  leucine,  but  the  presence  of 
other  particular  bihary  matters  which  has  been  alleged 
is  at  present  not  proved.  In  certain  chronic  diseases 
(Addison’s  disease,  or  bronzed  skin),  in  which  the 
skin  is  more  or  less  copper  or  brown-coloured,  the 
suprarenal  capsules  are  specifically  diseased. 

The  ovaries  are  composed  of  the  stroma,  the  Graafian 
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follicles  and  the  corpora  lutea.  The  latter  contain 
fluid  and  coagulable  serum,  particularly  while  they 
possess  an  internal  cavity.  In  their  substance  is  depo- 
sited in  granules  luteine,  a yellow  matter  soluble  in 
alcohol,  ether,  and  chloroform,  and  distinguished  by 
three  absorption-bands  which  its  solutions  show  in  the 
blue  and  violet  part  of  the  spectrum.  A similar  yellow 
matter  is  contained  in  the  yelk  of  eggs.  The  yellow 
colour  of  corpora  lutea  is  not  due  to  hematine  as  has 

hitherto  been  generally  assumed. 

In  some  forms  of  ovarian  cyst  a yellow  albuminous 
fluid  is  contained,  which  shows  the  spectrum  of  luteine 
without  any  preparation  ; in  this  morbid  fluid  the  luteine 
(cysto-luteine)  is  therefore  contained  in  solution,  while 
in  the  normal  corpora  lutea  it  is  contained  in  granules 
(ovario-luteine) . 

The  salivary  glands  contain  mucine  and  leucine, 

xanthine  and  hypoxanthine. 

The  pancreas  contains  much  leucine,  a homologue  of 
it,  xanthine,  hypoxanthine,  and  guanine.  Also  some  of 
the  ferments  mentioned  in  the  paragraph  on  digestion 
can  be  extracted  from  its  pulp  as  well  as  from  its  juice^ 

The  liver  consists  of  cells,  which  are  the  main  seats  of 
its  specific  function,  and  of  blood-vessels  and  bile  ducts, 
interspersed  with  lymph  vessels  and  nerves.  The  blood 
can  be  washed  out  by  water.  The  cells  are  made  up  of 
a protoplasma,  which  may  contain  as  visible  ingredients 
fat  in  large  and  small  granules,  cholophseine  in  small 
red  granules,  nuclei,  with  one  or  two  corpuscles,  and 
as  invisible  ingredients  demonstrable  by  experiment 
only,  a coagulable  matter  which  sets  soon  after  death, 
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albumen,  mucine,  and  glykogen.  Sugar  and  biliary 
acids  are  also  always  obtained  from  the  extract  of  the 
liver,  although  the  ducts  may  have  been  carefully 
washed  out ; and  as  cholophseine  is  contained  in  the 
cells,  we  may  assume  that  the  bile  acids  are  also  con- 
tained and  made  in  the  cells.  The  fresh  liver  is  always 
alkaline,  but  on  standing  it  becomes  acid.  The  gly- 
kogen  is  mostly  or  entirely  transformed  into  sugar. 

The  liver-extract  made  by  boiling  water  mostly  con- 
tains lactic  acid  and  volatile  fatty  acids,  inosite, 
hypoxanthine,  xanthine,  and  uric  acid,  and  leucine. 

The  latter  body  occurs  in  livers  which  are  quite  fresh, 
in  very  small  quantity,  but  increases  by  decomposition, 
for  which  the  tissue  of  the  liver  or  its  cells  possess 
particular  aptitude.  Fat  is  extracted  from  most  livers, 
in  large  quantities  from  diseased  livers.  Tyrosine 
occurs  in  diseased  livers  only,  and  is  not  easily  obtained 
even  from  thoroughly  putrid  livers.  In  the  ash  of  the 
liver  phosphoric  acid  and  potassium  predominate,  which 
is  the  more  to  be  noted  as  the  bile  acids  in  man  are 
mainly  combined  with  sodium.  From  fresh  livers  of 
young  persons  and  animals  hydrogen  is  sometimes 
evolved  on  immersion  in  warm  water.  The  degene-  Bacony  liver 
ration  of  the  liver,  which  is  sometimes  wrongly  called 
amyloid,  or  otherwise  the  “ Speckleber”  of  the  Ger- 
mans, and  “ waxy  degeneration  ” of  the  English,  has 
not  any  resemblance  to  the  amyloid  degeneration  of 
the  spinal  marrow  : for  iodine  and  sulphuric  acid,  or 
iodine  alone,  produce  in  it  only  a red  or  reddish-brown 
mahogany-like  coloration,  its  material  being  evidently 
of  an  albuminous  kind  : and  on  extraction  by  alcohol 
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and  ether,  I have  found  in  it  considerable  quantities 
of  cholesterine,  fat,  and  paralbuinen,  but  neither  bile 
nor  sugar.  Having  during  many  years,  and  in  many 
.or  isolation.  observed  considerable  quantities  of  leucine  in  the 

liver,  and  having  frequently  experienced  great  difficulty 
in  isolating  this  substance,  and  separating  it  from  others, 
I subjected  to  a special  study  the  compounds  of  leucine 
with  metals,  and  discovered  a new  copper  compound 
which  renders  leucine  entirely  insoluble  in  water  and 
neutral  fluids.  For  the  extraction  of  hypoxanthine  and 
xanthine  I have  also  devised  special  processes. 

Kidneys.  rgbe  kidneys  contain  much  blood,  collagene  fibres,  and 
some  fat ; to  water  extraction  they  yield  chlorrhodinic 
acid,  uric  acid,  and  bodies  resembling  hypoxanthine 
and  xanthine,  but  urea  is  scarcely  obtainable  from  them. 


Cystine  and  inosite  have  on  some  rare  occasions  been 
met  with.  The  chemical  changes  of  the  kidneys  m 
diseases  have  not  yet  been  sufficiently  examined. 

The  urine  is  the  secretion  of  the  kidneys.  It  is  the 
lixiviated  refuse  from  the  chemical  processes  of  the 
body.  It  contains  a yellow  colouring  matter,  urochrome, 
which  by  chemolysis  yields  various  remarkable  products 

Uromeiamne  of  decomposition.  The  first  is  uromelanine, 

a most  interesting  substance,  with  an  atomic 
weight  of  733,  being  one  of  the  highest  at  present 
established  in  organic  chemistry.  Accompanying 
uromelanine  there  is  a small  quantity  of  a matter  which 
by  treatment  with  sulphuric  acid  yields  the  reaction  and 
spectrum  of  cruentine,  termed  paramelanine.  The 
next  product  is  uropittine,  not  as  yet  sufficiently  studied. 
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Then  there  is  omicholine,  empirical  formula  C33H38ISrCh,  omicholine. 
an  organic  base  with  fluorescent  properties  and  a 
peculiar  spectrum,  and  omicholic  acid,  C15H33N04,  also  omfchdic 
fluorescent,  but  slightly  differing  in  its  spectrum  and 
composition  from  omicholine  ; further,  acetic  and  formic 
acid.  From  these  products  it  is  evident  that  urochrome 
must  possess  a very  high  atomic  weight ; it  may,  per- 
haps, be  a derivate  of  hematocrystalline ; uromelanine  no 
doubt  represents  the  nucleus  of  hematine.  The 
ingredient  which  occurs  in  urine  in  the  largest  quantity 
is  urea,  CH4N30,  of  which  a man  secretes  about  30  Urea. 
grammes  in  twenty-four  hours.  Then  there  is  kreati- 
nine  C4H7N30,  the  same  as  that  which  occurs  in  the 
muscles.  It  is  partly  changed  into  kreatine,  C4H9N303, 
by  taking  up  an  atom  of  water  during  the  process  of 
preparation.  From  kreatinine  is  derived  sarkosine,  sarkosme. 
which  is  isomeric,  or  perhaps  identical  with  alanine 
CotLNOo.  There  is  further  contained  in  urine  uric  acid, tJric  :,cid 

o i 4 7 group. 

C5H4N403,  which  may  form  calculi  and  cause  much 
trouble,  and  a series  of  bodies  being  less  oxydised  than 
uric  acid,  namely,  guanine,  C5H5N50,  hypoxanthine, 
C6H4N40,  and  xanthine,  05H41S[403.  Further,  there  is 
an  acid  which  from  having  been  first  discovered  in 
horses’  urine  is  termed  hippuric,  C9H0NO3,  remarkable  .^puric 
by  its  consisting  of  a combination  of  glykokoll  C3H5NO.„ 
and  benzoic  acid,  C7H0O3,  less  an  atom  of  water,  FLO, 
and  by  its  being  formed  in  considerable  quantity 
in  the  human  body  when  benzoic  acid  is  being 
taken,  or  greengages  are  consumed.  The  extractives 
are  at  least  three  in  number;  of  these  I have  fully 
identified  kryptophanic  acid  which  if  considered 
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as  dibasic  has  the  formula  C5H9N05,  but  which  must 
perhaps  be  considered  as  tetrabasic,  and  then  has  the 
formula  C10H18N2O10  ; in  that  case  its  metallic  salts  will 
have  the  general  formula  C10H14M4N2O10.  Another 
extractive  acid  is  paraphanic  acid,  CnH18N206,  dibasic. 
Under  some  circumstances  allantoine  appears,  C4HcN03, 
which  can  also  be  produced  from  uric  acid  artificially, 
along  with  other  remarkable  products.  Of  inorganic 
salts  the  phosphates  of  lime  and  magnesia,  and  of 
potash,  and  potassium  chloride,  are  present  in  consider- 
able quantity,  but  most  prevalent  is  the  sodium-chloride 
or  common  salt.  Of  some  matters  minute  traces  appear 
in  the  urine,  thus  of  sugar  and  of  alcohol,  after  these 
bodies  have  been  taken  by  deglutition.  In  diseases 
there  may  appear  blood,  albumen,  fibrin e (paraglobuline 
and  fibrino -plastic  matter),  fatty  acids  and  fats,  large 
quantities  of  sugar,  as  in  diabetes,  leucine,  tyrosine, 
abnormal  colourless  matters  yielding  by  acids  uro- 
cyanine  and  urorubine,  as  in  cholera  ; oxalic  acid  and 
oxalate  of  lime,  as  in  a particular  disease  which  frequently 
ends  in  the  formation  of  calculi.  Much  as  the  urine 
has  been  studied  its  chemistry  is  by  no  means  accom- 
plished, and  on  the  causes  of  the  most  troublesome 
diseases  showing  themselves  by  symptoms  in  the  urine, 
gout,  uric  acid  calculus,  oxalic  diathesis,  diabetes,  chy- 
lous urine,  our  knowledge  is  as  yet  very  incomplete. 

Under  all  circumstances,  however,  the  analysis  of 
the  urine  is  an  indispensable  aid  to  clinical  diagnosis, 
and  furnishes  most  valuable  positive  and  negative 
information  on  acute  as  well  as  chronic  diseases. 

The  secretion  of  the  skin,  discharged  in  large  quan- 
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tities  after  exertion  or  under  the  influence  of  a 
heated  atmosphere,  contains  much  surface  epithelium. 
Of  chemical  ingredients  there  are  observed  lactic  and 
sudoric  acid,  the  latter  peculiar  to  sweat  and  not  found 
anywhere  else,  and  urea.  There  is  much  sodium-chloride, 
little  or  no  phosphate.  Sometimes  volatile  fattyacids,e.y. 
valerianic,  are  found  in  small  quantity,  but  it  is  possible 
that  they  are  formed  after  the  sweat  has  been  secreted. 

In  respiration  oxygen  of  the  air  inhaled  together  with 
its  nitrogen  is  absorbed  by  the  blood,  and  in  exchange 
carbonic  acid  and  water  are  given  out.  The  expired 
air  therefore  contains  less  oxygen  than  the  inspired,  and 
a quantity  of  carbonic  acid  instead.  But  the  whole  of 
the  oxygen  inhaled  does  not  return  as  carbonic  acid 
and  water  ; a portion  is  otherwise  combined  and  leaves 
the  body  in  the  urinary  products  of  oxydation,  parti- 
cularly urea.  A healthy  strong  man  exhales  in  twenty- 
four  hours  upwards  of  400  litres  of  carbonic  acid,  and 
inhales  upwards  of  500  litres  of  oxygen.  The  expired 
air  during  rest  contains  about  four  volumes  per  cent,  of 
carbonic  acid.  During  activity  the  expiration  of  car- 
bonic acid  becomes  much  more  rapid,  and  in  extreme 
cases  may  for  a short  time  rise  to  tenfold  its  normal 
quantity  in  the  same  time.  Activity  or  muscular  work 
on  the  other  hand  hardly  increases  the  quantity  of  urea 
excreted  by  a man. 

The  breath  in  diseases  may  contain  carburetted  hydro- 
gen (of  which  a trace  is  also  excreted  in  health)  and 
volatile  matters  at  present  unknown,  ammonia  being 
perhaps  amongst  them.  These  investigations  have  only 
just  become  possible  by  the  invention  of  an  apparatus 
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which  permits  entire  persons  to  be  observed  for  days 
in  glass  chambers,  and  their  excretions  to  lie  accurately 
analysed  and  determined.  By  means  of  this  method 
it  has  now  been  found  that  man  during  sleep  stores  up 
a quantity  of  oxygen  in  his  body,  particularly  his  mus- 
cles, which  is  therefore  ready  for  the  production  of  force 
the  moment  it  may  be  wanted.  This  explains  the 
phenomena  of  activity  and  rest  much  better  than  they 
could  hitherto  be  defined. 

The  faeces  contain  all  insoluble  residues  of  the  food, 
some  decomposed  and  altered  bile  acid,  changed  cholo- 
phaeine,  myochrome,cliolesterine  changed  into  excretine, 
some  peculiar  fatty  and  odoriferous  matters,  besides  a 
little  phosphate  of  magnesium  and  calcium.  They  vary 
with  the  diet,  being  dark,  semifluid,  and  of  small  bulk 
after  meat  diet,  but  of  large  bulk,  paler  and  more  solid, 
after  bread  diet.  Boiled  with  sulphuric  acid  they  yield 
a matter  which  has  a peculiar  spectrum. 

The  feces  of  children  at  the  breast  contain  choles- 
terine,  and  besides  caseine  and  undefined  matter,  a yel- 
low matter  soluble  in  alcohol,  intestino-luteine.  This 
possesses  one  absorption-band  in  its  spectrum,  at  the 
beginning  of  blue. 

The  anomalies  of  feces  are  still  less  known  than  their 
normal  composition.  The  cholera  evacuations  were 
fully  described  in  my  report  on  cholera.  Their  spec- 
trum may  be  compared  with  stercorine  on  the  one,  and 
acid  cruentine  on  the  other  hand. 

Iron  preparations  taken  into  the  stomach  colour  the 
feces  black,  mercurial  ones  green.  This  latter  fact 
o-ave  rise  to  a fallacy  now  exploded,  namely,  that  mer- 
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cury  was  a cliolagogue  and  increased  tlie  excretion  of 
bile.  Bile  (not  decomposed)  lias  never  yet  been  found 
in  any  feces.  Most  remarkable  and  suggestive  is  tlie  Aiioxan  in 

mucous  eva- 

discovery  by  Liebig  of  alloxan  in  the  mucous  evacua-  cations, 
tions  from  a case  of  intestinal  catarrh.  Alloxan  is  a 
product  of  decomposition  by  oxydants  of  uric  acid,  and 
precedes  the  formation  of  urea.  Possibly,  therefore, 
functions  of  chemolysis  are  allotted  to  the  intestine 
which  at  present  we  place  into  other  organs,  or  know 
not  where  to  localise.  Gout  might  find  an  explanation 
in  the  failure  of  this  chemolytic  action,  for  uric  acid 
once  in  the  blood  seems  as  far  out  of  the  reach  of  oxygen 
as  sugar  in  the  blood  is  in  diabetes.  Imperfect  diges-  Stine's”  m‘ 
tion  further  causes  the  production  of  gases,  of  which 
carbonic  acid  constitutes  the  main  bulk,  but  is  mixed 
with  combustible  marsh-gas,  CH4,,  and  some  liydrotliion 
H2S.  This  development  in  diseases  rises  to  painful 
height,  and  in  typhus,  e.g.,  produces  sometimes  an 
almost  suffocating  tympanites  or  meteorismus. 


ANALYTICAL  GUIDE. 


Acetic  acid,  C3H40o. — 1.  Extraction  from  animal  sub- 
stayices.  Extract  the  substance  with  boiling  water  ; 
neutralise  by  soda  if  acid,  and  if  dilute,  evaporate  to  a 
reasonable  bulk.  Distil  with  dilute  sulphuric  or  phos- 
phoric acid ; neutralise  the  distillate  with  soda,  and 
evaporate  to  the  consistence  of  an  extract.  Treat 
this  like  the  extract  of  urine,  now  to  be  described. 

2.  Extraction  from  urine.  Evaporate  fresh  urine  to 
an  extract,  and  decant  from  crystals  of  sodium  chloride 
and  other  deposited  matters.  Mix  with  a sufficient 
quantity  of  sulphuric  acid  to  decompose  nearly  all  the 
urea,  and  distil  the  mixture  from  a retort.  Neutralise 
the  distillate  with  sodium  carbonate,  and  evaporate  to 
a low  bulk.  Add  excess  of  somewhat  dilute  sulphuric 
acid ; allow  benzoic  acid  to  crystallise  and  filter. 
Neutralise  the  filtrate  again  with  soda  and  evaporate  to 
a low  bulk ; and  if  you  desire  to  prove  the  presence  of 
and  extract  formic  acid,  proceed  as  stated  under  that 
head.  Then  evaporate  the  soda  salt  to  dryness,  and 
heat  in  a retort  with  excess  of  concentrated  sulphuric 
acid.  The  formiate  will  be  destroyed,  yielding  carbonic 
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oxyde  and  carbonic  anhydride,  while  the  acetic  acid  will 
distil  over  unchanged  and  highly  concentrated,  at  a 
temperature  not  exceeding  120°  C. 

3.  Place  this  concentrated  distillate  in  a tube  in  a 
mixture  of  ice  and  water.  It  will  begin  to  form  white 
crystals  below  16°  C.,  and  ultimately  solidify  in  a white 
crystalline  mass. 

4.  Allow  to  thaw,  and  pour  off  the  portion  first 
liquefied,  which  is  somewhat  watery. 

5.  Place  the  crystals  in  a very  small  retort,  provided 
with  a thermometer  in  its  tubule,  and  with  a condenser 
attached  to  its  neck,  and  heat.  The  acetic  acid  will 
distil  over  completely  at  120°  C.,  giving  an  inflammable 
vapour. 

6.  Unite  the  decanted  and  distilled  acid,  and  dilute 
with  water.  Boil  with  excess  of  pure  baryum  carbonate, 
filter,  and  evaporate  to  crystallisation.  The  crystals, 
monohydrate  of  baryum  acetate,  C^HgBaO^  -}-  IBO, 
contain  6’59  per  cent,  of  water  of  crystallisation,  to  be 
expelled  at  100°  C.,  and  50’18  per  cent,  of  Ba,  to  be 
determined  as  sulphate,  by  heating  in  platinum  crucible 
with  sulphuric  acid. 

7.  Heat  some  dry  baryum  acetate;  it  will  fuse,  and 
give  off  vapours  of  acetone. 

8.  Dissolve  the  baryum  acetate  in  water,  heat,  and 
decompose  exactly  with  sodium  carbonate,  Filter  from 
baryum  carbonate,  and  examine  the  solution  of  sodium 
acetate  as  follows. 

9.  Add  a few  drops  of  ferric  chloride  : a dark  red 
colour  will  be  produced.  Boil;  a brown-red  precipitate 
will  fall,  leaving  the  liquid  colourless.  To  another 
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portion  of  the  red  solution  add  hydrochloric  acid.  It 
will  turn  light  yellow. 

10.  Add  silver  nitrate  solution.  If  the  sodium 
acetate  solution  is  concentrated,  a white  precipitate  of 
silver  acetate  will  ensue.  If  both  solutions  are  dilute 
no  change  will  be  observed  even  on  boiling. 

11.  Evaporate  the  sodium  acetate  solution  to  dryness. 
Heat  a portion  with  alcohol  and  sulphuric  acid.  Acetic 
ether  will  be  formed  and  recognised  by  its  peculiar 
and  agreeable  odour. 

Albumen,  or  white  of  egg. — 1.  Break  a fresh  hen’s 
egg,  separate  off  the  yelk  and  chalazae;  dilute  the 
white  with  three  or  four  times  its  bulk  of  water,  filter, 
and  use  the  clear  liquid  for  the  following  experiments. 

2.  Place  a portion  in  a test-tube,  insert  a thermo- 
meter, and  warm  gently  in  a water  bath  ; at  66°  C.  the 
solution  will  become  opalescent,  and  about  80°  C.  the 
albumen  will  coagulate,  and  be  precipitated  in  white 
flakes,  which  do  not  dissolve  on  boiling. 

3.  Add  a little  nitric  acid ; the  albumen  will  be 
precipitated  white. 

4.  Add  an  excess  of  strong  alcohol ; the  albumen  is 
precipitated. 

5.  Add  a solution  of  corrosive  sublimate,  and  observe 
that  an  insoluble  compound  of  the  salt  and  albumen  is 
precipitated.  Upon  this  reaction  is  based  the  use  of 
white  of  egg  as  an  antidote  in  cases  of  poisoning  by 
corrosive  sublimate. 

6.  Acidify  a portion  of  the  albumen  solution  with 
acetic  acid,  and  observe  that  no  precipitate  is  produced. 
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But  on  boiling  the  whole  of  the  albumen  is  precipi- 
tated. After  filtration  and  drying  weigh  the  precipi- 
tate. This  is  a good  method  for  estimating  the  quantity 
of  albumen  present  in  any  colourless  liquid. 

7.  Add  a watery  solution  of  creasote,  or  of  crystallised 
carbolic  acid,  or  of  tannic  acid,  to  an  albuminous 
solution.  The  albumen  is  precipitated. 

8.  Add  a solution  of  salt  to  the  albumen  solution, 
and  then  phosphoric,  tartaric,  oxalic,  or  lactic  acid.  A 
precipitate  of  albumen  will  ensue. 

9.  Expose  some  undiluted  albumen  in  a thin  layer 
on  a white  porcelain  plate  to  the  air.  It  will  dry  into 
a pale  yellowish,  translucent,  fissured  mass,  which  is 
slowly  but  entirely  soluble  in  water. 

10.  Chemolyse  albumen  by  the  following  process  : — 
Boil  the  white  of  several  eggs  with  excess  of  dilute 
sulphuric  acid  for  three  hours.  Then  treat  the  solution 
with  milk  of  lime  until  alkaline.  Distil  the  mixture 
from  a tin  bottle,  and  observe  in  the  distillate  ammonia, 
a compound  ammonia,  and  a volatile  sulphur  compound, 
which  yields  sulphur  and  sulphuretted  hydrogen  on 
addition  of  an  acid.  Extract  with  water,  and  filter  the 
residue  in  the  bottle.  Treat  the  solution  with  a slight 
excess  of  dilute  oxalic  acid ; remove  the  excess  of  the 
latter  and  some  sulphuric  acid  by  a little  lead  acetate, 
and  the  excess  of  the  latter  by  sulphuretted  hydrogen. 
Filter  warm,  and  evaporate  to  slight  crystallisation. 
All  tyrosine  with  little  leucine  will  crystallise  out. 
Further  evaporation  will  yield  more  leucine.  The 
liquor  contains  several  other  products,  which  are  dis- 
tinguished by  a powerful  green  fluorescence.  Examine 
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this  in  the  cone  of  sunlight  produced  by  a lens. 
Examine  tyrosine  and  leucine  as  directed  under  those 
articles. 

11.  Add  to  coagulated  albumen  some  concentrated 
hydrochloric  acid,  and  heat  or  allow  to  stand  for  some 
time.  The  albumen  will  dissolve  and  form  a blue  or 
violet  solution,  which,  before  the  spectroscope,  shows 
an  absorption  band  in  yellow  and  green. 

12.  To  coagulated  albumen  add  concentrated  nitric 
acid ; it  will  slowly  dissolve,  forming  a yellow  solution. 
To  this  add  a small  cpiantity  of  mercurous  nitrite  and 
boil,  when  a crimson  precipitate  will  form. 

Alcohol,  CJrIG0. — 1.  In  order  to  obtain  alcohol  from 
organic  tissues,  or  fluids  which  may  contain  it,  heat, 
coagulate,  and  distil  them  or  their  cold  prepared  watery 
extracts  from  a copper  or  tin  retort.  To  urine  add 
some  tannic  acid  before  distillation.  The  distillate 
obtained  is  to  be  made  alkaline  with  caustic  potash,  and 
again  distilled.  Observe,  if  desirable,  volatile  acids  in 
residue  in  retort.  The  distillate  is  now  acidified  with 
sulphuric  acid,  to  fix  volatile  alkali,  and  again  distilled. 
This  third  distillate  contains  all  the  alcohol,  but  no 
volatile  acids  or  alkalies. 

2.  Produce  a test  solution  by  dissolving  one  part  of 
dichromate  of  potassium  in  three  hundred  parts  of 
sulphuric  acid. 

3.  Mix  a portion  of  the  distillate  with  twice  its 
volume  of  concentrated  sulphuric  acid.  Pour  a small 
quantity  of  this  mixture  into  a quantity  of  test  solu- 
tion, and  perceive  that  where  the  one  fluid  touches  the 
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other  there  is  a deep  green,  and  then  a lighter  green, 
colour  produced.  One  fourth  to  one  tenth  of  a giain 
of  alcohol  in  half  an  ounce  of  water  will  yet  he  indi- 
cated by  this  test.  Prove  this  by  experiments  with 
pure  alcohol. 

4.  By  the  foregoing  process  you  can  prove  the 
presence  of  alcohol  in  from  two  to  six  ounces  of  mine 
secreted  a few  hours  after  the  drinking  of  spirituous 
liquors. 

5.  Quantitative  determination  of  small  quantities  of 
alcohol  by  transformation  into  acetic  acid.  Enclose 
the  distillate  with  a certain  quantity  of  the  dichromate 
and  sulphuric  acid  mixture  in  a strong  flask,  stop  it 
air-tight  with  a caoutchouc  stopper,  and  tie  it  down 
well  by  means  of  wire.  Heat  this  flask  for  two  hours 
in  a water-bath  to  between  80°  and  90°  C.,  never  to  the 
boiling-point ; then  attach  the  flask  to  a condensei , 
and  distil  the  newly-formed  acetic  acid  out  of  it. 
Determine  the  acidity  of  the  distillate  by  volumetric 
analysis,  with  a standard  solution  of  caustic  soda. 

6.  In  case  larger  quantities  of  alcohol  are  contained 
in  the  matters  to  be  examined—  e.  g.  vomited  matter, 
contents  of  stomach  or  intestines,  blood,  brain,  muscles, 
or  urine  in  quantity — then  the  distillate  can  be  con- 
densed by  successive  distillations,  in  which  one  half  of 
the  liquid  is  driven  over  every  time,  and  the  liquid  in 
the  retort  is  each  time  mixed  with  common  salt. 
Ultimately  the  distillate  will  smell  of  alcohol,  and  burn 
when  exposed  to  flame.  It  can  then  be  made  anhy- 
drous by  boiling  with  and  distilling  from  quicklime  or 
anhydrous  copper  sulphate.  Its  specific  gravity  at 
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0°  C.  should  bo  08095 ; at  14°  C.,  0*7982.  It  should 
bod  at  78°  C.  under  a pressure  of  760  mdlimetres  of 
the  barometer. 

Allantoine,  C4,H6N03. — 1.  Glassy,  tasteless  prisms. 
Obtain  from  the  allantoic  liquid  of  cows  by  evaporating 
to  one  fourth  of  its  bulk.  The  crystals  of  allantoine 
deposited  on  cooling  redissolve  in  hot  water,  and  boil 
with  a little  good  animal  charcoal. 

2.  From  the  urine  of  calves.  Obtain  the  urine  by 
tying  of  bladder  during  killing  process.  Evaporate  it 
till  syrupy,  and  allow  to  stand  for  several  days  ; dilute 
with  water,  collect  the  deposit  and  wash  it  with  a 
little  water.  Boil  the  crystalline  residue  with  water 
and  animal  charcoal  and  filter  hot.  The  allantoine  will 
be  deposited  in  crystals  on  cooling. 

3.  Prepare  allantoine  from  uric  acid  as  follows  : — 
Take  20  grm.  of  uric  acid,  stir  up  in  300  to  400  c.  c.  of 
water,  add  a small  quantity  of  acetic  acid,  gradually 
introduce  100  grm.  of  lead  peroxyde,  and  expose  to 
sunlight  for  some  time.  Boil,  filter,  and  evaporate  the 
filtrate  until  on  cooling  the  allantoine  crystallises  out. 

4.  Observe  that  it  is  slightly  more  soluble  in  alcohol 
than  in  water. 

5.  Boil  with  baryum  hydrate,  and  notice  evolution 
of  ammonia. 

6.  Corrosive  sublimate  will  produce  no  precipitate  in 
its  solution,  but  mercuric  nitrate  precipitates  it  in  the 
cold  even  from  dilute  solutions. 

Alloxan.  — C4H3N204,. — 1.  Add  to  strong  nitric 
acid,  contained  in  a beaker  placed  in  cold  water,  an 
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equal  weight  of  uric  acid  in  small  portions,  stirring  or 
shaking  the  mixture  constantly.  Allow  to  stand  and 
crystallise,  filter  through  a funnel  plugged  with 
asbestos,  wash  the  crystals  with  water  at  0 G.  and  dry 
between  filtering  paper. 

2.  Extract  organic  matters,  such  as  intestinal  con- 
tents or  evacuations  in  disease  with  water,  and  subject 
to  dialysis  on  parchment  paper.  Evaporate  the  dialy- 
sate  at  a gentle  heat  and  ultimately  let  dry  sponta- 
neously. If  alloxan  be  present  it  will  be  deposited  in 
crystalline  rings  which  assume  a red  colour  when 
exposed  to  the  air  for  some  time. 

3.  Dissolve  alloxan  in  water  or  alcohol  and  add 
nitric  acid,  the  alloxan  will  be  reprecipitated. 

4.  Observe  its  astringent  taste  and  acid  reaction  by 
litmus.  Hub  a solution  of  it  on  a part  of  the  skin,  and 
observe  that  it  produces  a peculiar  and  disagreeable 
odour  and  stains  the  skin  pink,  crimson,  or  purple, 
after  some  time. 

5.  Boil  some  alloxan  with  dilute  nitric  acid  in  a test- 
tube  fitted  with  a cork  and  bent  tube,  the  latter  dipping 
into  a little  lime  or  baryta  water.  Carbonic  anhydride 
will  be  evolved,  causing  a milky  turbidity  in  the  lnne 
or  baryta  water.  Nitrate  of  urea  remains  in  the  acid 
solution,  which  will  give  a dense  white  precipitate  with 

solution  of  mercuric  nitrate. 

6.  Add  to  a solution  of  alloxan  some  solution  of 
ferrous  sulphate,  and  a drop  of  potash;  observe  the 
formation  of  a deep  blue  solution  and  precipitate.  This 
solution  after  filtration  shows  no  specific  absorptions 
before  the  spectroscope. 
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7.  To  a solution  of  alloxan  add  some  baryta  water  and 
solution  of  baryum  nitrate,  and  observe  the  formation  of 
a pink-red  solution.  This,  before  the  spectroscope, 
shows  a specific  absorption  band  covering  orange, 
yellow,  green,  and  blue,  and  allowing  red  and  a part  of 
blue  with  violet  to  pass. 

8.  Drop  into  a concentrated  solution  of  lead  acetate 
heated  to  boiling  a solution  of  alloxan,  and  observe  the 
formation  of  a white  precipitate  of  mesoxalate  of  lead, 
and  the  liberation  of  acetic  acid.  From  the  filtrate 
urea  can  be  obtained  by  removal  of  the  lead  and  evapo- 
ration of  the  acetic  acid. 

Amyloid  substance. — 1.  Search  the  brain,  spinal 
marrow,  ependyma  ventriculorum,  ganglion  Gasseri,  or 
optic  nerve  in  disease,  particularly  so  called  chronic 
atrophy  or  locomotor  ataxia,  by  hardening  the  sub- 
stance to  be  examined  in  strong  alcohol,  then  making 
the  thinnest  possible  sections  with  a razor  and  placing 
them  under  the  microscope. 

2.  Apply  tincture  of  iodine  dissolved  in  iodide  of 
potassium,  and  observe  that  no  blue  starch  granules 
appear. 

3.  Wash  away  the  iodine  solution  by  water  and  apply 
dilute  sulphuric  acid,  let  stand  for  some  time  and  apply 
some  iodine  solution.  The  amyloid,  if  present,  will 
now  appear  in  the  form  of  minute  blue  granules  closely 
resembling  the  iodised  starch  corpuscles  of  wheat. 

4.  Compare  the  reaction  of  amyloid  matter  with  that 
of  vegetable  lignine. 

Animal  quinoidine. — 1.  Treat  the  part  to  be  exa- 
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mined,  either  directly  or  after  previous  drying  in  a 
water-oven,  with  very  dilute  sulphuric  acid,  heating  the 
mixture  on  the  water-bath.  Repeat  this  extraction, 
mix  the  extracts,  filter  after  cooling,  neutralise  w ith 
caustic  soda  and  repeatedly  shake  up  with  ether  equal 
in  bulk  to  that  of  the  extract.  Distil  off  the  ether,  take 
up  the  residue  in  dilute  sulphuric  acid,  filter,  and 
observe  if  fluid  be  clear. 

2.  If  not  clear  repeat  neutralisation  with  soda  and 
extraction  with  other,  and  resolution  in  dilute  sulphuric 
acid. 

3.  Treat  the  solution  for  fluorescence  by  exposing  it 
to  a cone  of  sunlight,  or  of  the  spark  of  the  Ruhmkorff 
coil,  condensed  by  a quartz-lens.  Observe  that  the 
colour  produced  is  bluisli-green  when  the  solution  is 
concentrated,  but  blue  when  dilute. 

4.  Compare  this  fluorescence  with  that  of  a very 
weak  solution  of  sulphate  of  quinine  in  water,  and 
observe  its  close  resemblance  to  it. 

Benzoic  acid,  C7H0O.2. — 1.  Obtain  benzoic  acid  by  the 
process  described  under  Acetic  acid,  2. 

2.  Obtain  benzoic  acid  by  boiling  liippuric  acid  with 
excess  of  concentrated  hydrochloric  acid.  It  will 
crystallise  on  cooling.  Filter  and  wash  with  cold 
water.  Dry  in  the  air  without  using  heat. 

3.  Purify  the  acid  by  sublimation  from  a porcelain 
capsule  covered  with  a diaphragm  of  filtering  paper  and 
a conical  hood  of  paper. 

4.  Heat  a small  quantity  of  the  acid  in  a glass  tube, 
and  observe  that  it  fuses,  then  is  volatilised  and  again 
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deposited  on  tlie  cool  parts  of  the  glass.  The  aro- 
matic smelling  vapour  causes  much  coughing  when 
inhaled  in  small  quantity. 

5.  Heat  a small  portion  with  concentrated  sulphuric 
acid  and  observe  that  no  blackening  ensues. 

6.  Neutralise  its  hot  watery  solution  with  barymn 
carbonate,  and  evaporate  solution  of  barymn  benzoate 
to  crystallisation. 

7.  Add  to  the  solution  of  this  or  any  other  benzoate 
some  neutral  solution  of  ferric  chloride,  and  observe’  the 
precipitation  of  a buff-coloured  precipitate  of  almost 
insoluble  ferric  benzoate.  For  diagnosis  of  this  preci- 
pitate from  succinate,  see  Succinic  acid,  4. 

8.  To  a solution  of  a benzoate  or  of  benzoic  acid  add 
some  cupric  acetate  and  warm ; a blue  precipitate  of 
rather  insoluble  basic  benzoate  of  copper  will  be  formed. 

Bile. — Qualitative  and  systematic  analysis.  1.  Col- 
lect the  bile  from  the  gall-bladders  of  dead  persons  or 
animals,  or  from  biliary  fistulas  of  the  latter  produced 
by  art.  Observe  its  colour,  formed  or  crystalline 
ingredients  if  any,  and  its  reaction,  which  should  in 
health  be  neutral  or  feebly  alkaline. 

2.  Add  to  a filtered  portion  a little  acid,  and,  if  ne- 
cessary, filter  again.  Then  heat  gently  to  boiling',  and  if 
any  precipitate  ensues  albumen  is  present. 

3.  Mix  the  bile  with  five  or  six  volumes  of  absolute 
alcohol,  and  let  stand ; filter  from  the  precipitated 
mucus  and  cholesterine  (and  albumen  if  such  was 
abnormally  present).  Evaporate  the  solution  to  dry- 
ness, and  use  the  residue  as  purified  bile. 
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4.  Purified  bile  dissolved  in  absolute  alcoliol,  and 
mixed  with  an  equal  bulk  of  ether,  forms  an  immediate 
deposit.  Place  this  mixture  in  freezing  air,  or  into 
a freezing  mixture,  and  after  twenty-four  hours  observe 
that  crystals  are  formed  and  the  liquid  is  clear.  These 
crystals  are  a mixture  of  glykocliolate  and  tauro-cholate 
of  sodium.  Evaporate  the  ether  and  observe  the  crys- 
tals of  cliolesterine  and  fats. 

5.  Add  to  a watery  solution  of  purified  bile  neutral 
lead  acetate  as  long  as  a precipitate  is  produced.  The 
white  plaster-like  deposit  is  glykocliolate  of  lead. 

0.  Add  to  the  filtrate,  from  the  glykocholate,  a 
solution  of  basic  lead  acetate  as  long  as  a precipitate  is 
produced.  The  latter  consists  of  taurocholate  of  lead. 

7.  Filter  the  liquid  and  treat  with  hydro thion  ; filter 
again,  evaporate  to  dryness  and  burn  the  residue  to  a 
white  ash.  Observe  that  it  consists  principally  of 
sodium  carbonate,  little  potassium  carbonate,  some 
chlorides,  and  earthy  salts  in  small  quantity. 

8.  Boil  a quantity  of  purified  bile  dissolved  in  water 
with  excess  of  caustic  baryta  for  several  hours.  Sepa- 
rate solution  from  insoluble  salt  and  crystals  which 
form  on  cooling,  and  remove  excess  of  baryta  by  car- 
bonic acid.  Add  to  the  concentrated  solution  platinic 
chloride,  and  observe  and  examine  crystalline  precipi- 
tate of  choline -platinum  chloride. 

9.  Remove  from  this  solution  the  excess  of  platinum 
by  hydrothion,  evaporate  to  small  bulk  and  add  much 
absolute  alcohol.  Let  stand  for  twenty -four  hours,  then 
isolate  crystals,  recrystallise  from  hot  water,  and  study 
the  pure  taurine. 
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10.  From  tlie  alcoholic  solution  from  which  taurine 
has  been  deposited,  evaporate  off  the  alcohol  and  dis- 
solve residue  in  a little  water.  Remove  hydrochloric 
acid  by  a little  silver  oxyde,  the  latter  by  hydrothion, 
and  crystallise  filtrate.  Separate  the  crystals  of  glyko- 
koll  from  the  crystals  of  inorganic  salts  and  examine 
them. 

11.  Add  to  crude  or  purified  bile  dissolved  in  water, 
a little  acetic  or  hydrochloric  acid,  and  extract  the 
mixture  with  chloroform.  Distil  off  the  chloroform 
and  extract  the  residue  with  boiling  alcohol.  Fatty 
acids  and  cholesterine  will  dissolve,  and  bilirubin e will 
remain  undissolved,  as  a red  powder. 

12.  Add  to  crude  bile  a very  small  quantity  of 
acetic  or  hydrochloric  acid,  and  shake  with  animal 
charcoal  until  colourless.  Wash  the  charcoal  with 
water  until  the  water  comes  away  pure.  Then 
extract  the  charcoal  with  much  boiling  alcohol.  Bili- 
fuscine  will  go  into  solution  and  form  a brown 
liquid. 

13.  Evaporate  a weighed  quantity  of  bile  to  dryness 
and  determine  dry  residue.  It  will  be  found  to  exceed 
five  per  cent.,  and  approach  ten  per  cent,  of  the  weight 
of  the  bile. 

14.  Burn  a weighed  quantity  of  dry  bile  with  nitre 
in  a platinum  dish,  and  in  the  residue  determine  sul- 
phuric acid  by  baryta  in  the  usual  manner.  From  the 
quantity  of  sulphur  found  calculate  the  quantity  of 
taurocholic  acid  present  in  the  original  bile.  One  part 
of  sulphur  indicates  1G'28  parts  of  taurocholic  acid. 

15.  To  some  bile  diluted  with  water  and  spread  on  a 
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white  porcelain  disli  add  a few  drops  of  red  nitric 
acid.  A precipitate  will  ensue  around  every  drop,  and 
then  a red,  blue,  green,  and  yellow  coloration  will  pro- 
ceed in  rings  from  each  drop  as  a centre,  due  to  the 
reaction  of  the  colouring  matters  with  nitrous  and 
nitric  acid. 

16.  To  a few  drops  of  bile  placed  in  a porcelain  dish 
add  a drop  of  a solution  of  cane-sugar,  and  then  con- 
centrated sulphuric  acid  drop  by  drop  with  agitation. 
After  a little  time  the  mixture  will  assume  a purple-red 
colour,  and  show  the  following  spectrum : 


The  colour  of  the  solution  will  be  destroyed  by 
water  and  alcohol. 

17.  In  diseased  conditions  of  the  bile,  in  fatal  cases 
of  cholera,  the  liquid  contained  in  the  gall-bladder 
contains  no  bile-acids. 

Observe  that  in  such  cases  the  purple  reaction  just 
described  cannot  be  obtained  even  with  the  concen- 
trated alcoholic  extract. 

18.  Boil  purified  bile  dissolved  in  water  with  excess 
of  hydrochloric  acid  in  a flask  for  several  hours,  until 
a clear  reddish  fluid  is  obtained  and  a dark  pitchy 
resin  is  deposited.  The  resin  is  clioloidic  acid  and 
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dyslysine,  which  contains,  however,  some  undecom- 
posecl  glykocholic  and  taurocholic  acid.  Decant  and 
filter  the  acid  liquid,  and  evaporate  to  dryness  repeat- 
edly to  expel  all  free  acid.  Then  shake  up  residue  in 
spirit  and  let  stand.  Taurine  will  deposit  in  crystals  ; 
hydrochlorate  of  glykokoll  and  chloride  of  sodium  will 
remain  in  solution.  Separate  the  latter  by  crystalli- 
sation or  by  the  process  described  under  10. 

19.  Filter  fresh  bile  through  a cloth,  or  let  stand  for 
twenty-four  hours,  and  decant  the  clear  portion.  Place 
in  a stoppered  bottle  in  a cool  place  or  cellar  for 
several  weeks  or  months.  After  that  time  filter  red 
liquid  from  deposit.  The  liquid  contains  a new  acid, 
which  gives  precipitates  with  the  chlorides  of  calcium 
and  baryum,  such  as  are  not  obtainable  from  fresh  bile. 
The  deposit  after  washing  and  pressing  should  be 
treated  with  boiling  alcohol.  Cholic  acid  will  dissolve 
and  will  deposit  in  crystals  on  cooling.  Bilirubine, 
and  phosphates  of  lime,  and  magnesia  with  ammonia 
in  crystals,  coloured  greenish  by  impurity,  will  remain. 
Extract  the  bilirubine  by  chloroform,  and  purify  the 
earthy  salts  by  calcination,  or  analyse  them  by  the 
ordinary  processes. 

Bilifuscine  (probably  CgH^NOg).  — 1.  Powder  a 
brown  human  gallstone  and  extract  cliolesterine  with 
boiling  ether.  Treat  the  powder  with  water  and  a 
little  hydrochloric  acid,  and  wash  it  to  neutrality. 
Then  extract  again  with  boiling  ether  to  remove  fatty 
acids,  and  boil  the  powder  with  absolute  alcohol. 
Bilifuscine  will  form  a brown  solution  and  remain  after 


76 


BILIFUSCINE. 


evaporation  of  the  alcohol  as  a black,  shiny,  brittle 
mass,  or  as  a dark  brown  powder. 

2.  Dissolve  a small  quantity  in  dilute  potash  lye,  and 
reprecipitate  by  hydrochloric  acid  brown  flakes. 

3.  Dissolve  in  dilute  ammonia,  and  add  chloride  of 
calcium  or  baryum,  when  bilifuscate  of  calcium  oi 
baryum  will  fall  down  in  brown  flakes. 

4.  Observe  that  bilifuscine  is  not  soluble  in  chloro- 
form, and  when  exposed  to  the  air  in  alkaline  solution 
does  not  yield  biliverdine. 

5.  Spread  an  alkaline  solution  on  a white  dish,  and 
add  a drop  of  red  nitric  acid.  Red,  blue,  green, 
violet,  and  yellow  coloured  rings  will  be  successively 
produced. 

Bilirubine , synonym  Cholophceine , C9H9N02. — 1.  Ex- 
tract some  powdered  oxgallstone  successively  with 
water,  alcohol,  dilute  hydrochloric  acid,  boiling  alcohol, 
and  ether ; then  boil  the  dry  powder  with  dry  chloro- 
form, and  exhaust  with  this  agent.  Distil  the  chloro- 
form from  the  red  solutions,  but  not  quite  to  dryness. 
To  the  residue  add  several  volumes  of  absolute  alcohol 
and  let  stand  twenty-four  hours.  There  will  be  depo- 
posited  a brilliant  red  powder  mixed  with  steel-blue  or 
brown  crystals.  Both  the  powder  and  the  crystals  are 
pure  bilirubine,  and  can  be  separated  by  levigation  with 
much  absolute  alcohol.  After  washing  with  alcohol 
and  ether,  until  the  washings  are  purely  yellow  and 
not  green,  the  product  is  pure.  Dry  under  the  air- 

pump. 

2.  Human  gallstones,  by  the  foregoing  treatment, 
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will,  after  extraction  of  the  bilifuscine,  also  yield  bili- 
rubine,  but  in  very  small  quantity  only. 

3.  Human  bile  or  ox  bile  will  by  putrefaction  deposit 
bilirubine.  See  Bile,  19. 

4.  Saturate  some  very  dilute  aqueous  solution  of 
ammonia  with  bilirubine  in  excess,  and  filter  quickly. 
In  this  solution  nitrate  of  silver  produces  a precipitate 
of  neutral  monoliydrated  cholophseinate  of  silver 
C9H10AgNO3.  In  the  same  solution  chlorides  of 
baryum  and  calcium  produce  red  precipitates  of  the 
half-acid  stilts,  sesqui-cholophseinates,  which  contain 
three  atoms  of  cholophseine,  two  atoms  of  water,  and 
one  (didynamic)  atom  of  metal,  yielding  the  formula 
C37H39MnH3Os. 

5.  Dissolve  some  cholophseine  in  excess  of  am- 
monia. To  this  solution  add  chloride  of  calcium  or 
baryum,  and  observe  the  formation  of  dark  red  precipi- 
tates of  the  neutral  salts  of  the  formula  C18H20MNnO0. 

6.  Dissolve  some  bilirubine  in  caustic  or  carbonated 
alkali,  and  expose  to  the  air  for  some  days,  frequently 
shaking  the  solution  with  air.  Observe  that  the  red 
solution  becomes  purely  green.  Then  precipitate  by 
hydrochloric  acid,  wash  the  green  flakes  by  decanta- 
tion, and  dissolve  in  absolute  alcohol.  The  latter  on 
evaporation  will  leave  pure  biliver  dine,  C8H9N03. 

7.  Add  to  an  ammoniacal  solution  of  cholophseine 
concentrated  nitric  acid  drop  by  drop  until  a blue 
precipitate  is  formed.  Isolate  quickly  by  filtration, 
and  after  washing  dissolve  in  alcohol.  This  blue  solu- 
tion of  cholocyanin  has  the  following  spectrum  : 
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Spectrum  of  Cliolocyanine. 
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Spectrum  of  Ckolocyanine  dissolved  iu  water. 


8.  Treat  some  dry  cholophseine  witli  fuming  or 
much  concentrated  sulphuric  acid,  and  triturate  in  a 
mortar ; let  the  green  solution  attract  water  from  the 
air,  and  then  add  more  water.  Several  green  products 
insoluble  in  water  will  be  formed.  One  of  these,  in- 
soluble in  alcohol,  is  cholothalline , CgII11N03.  Another, 
soluble  in  alcohol,  has  the  following  spectrum  : 
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Spectrum  of  soluble  Cbolotlialliue. 


9.  Expose  some  dry  bilirubine  to  the  vapours  of 
bromine,  and  observe  that  it  immediately  becomes 
violet-brown.  Exposed  to  the  air  this  will  deliquesce 
anel  form  a blue  solution  of  hydriodate  of  dibiomo- 
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bilirubine.  Dried  at  100°  the  acid  will  be  expelled,  and 
pure  dibromo-bihrubine,  C9H7Br3N03,  will  remain  as  a 
black-blue  powder.  It  dissolves  in  water  with  the  aid 
of  any  acid,  and  forms  a splendid  blue  solution.  It 
also  dissolves  in  alcohol  and  a little  in  ether,  but  these 
solutions  are  discoloured  after  some  time.  It  dissolves 
in  caustic  alkali  with  a red  colour,  and  acids  produce  a 
red  precipitate.  These  tests  under  9 can  be  performed 
with  a quantity  of  less  than  a grain. 

Blood. — 1.  Take  a quantity  of  blood  directly  from  a 
blood-vessel  of  an  animal  or  of  man,  and  stir  it  briskly 
with  a rod  for  ten  minutes.  Filter  through  a cloth 
and  wash  the  fibrine  with  water  until  colourless. 

2.  If  it  is  desired  to  determine  the  quantity  of  the 
fibrine  weigh  the  collected  blood  in  a stoppered  bottle 
containing  a chain  of  glass  beads,  shake  for  ten 
minutes,  add  water,  let  stand  and  deposit,  decant  the 
fluid,  wash  with  water  by  decantation,  ultimately  with 
water  containing  a little  chloride  of  sodium,  collect, 
dry,  and  weigh  the  fibrine. 

3.  Mix  one  volume  of  saturated  chloride  of  sodium 
solution  with  from  nine  to  ten  volumes  of  distilled 
water.  To  this  solution  add  one  volume  of  blood, 
beaten  and  filtered  through  calico,  and  stir.  Let  the 
mixture  stand  at  a very  low  temperature  in  ice  and 
water.  When  the  corpuscles  are  deposited  decant  the 
supernatant  liquid,  and  stir  the  deposit  again  with  the 
same  quantity  of  salt  water  as  at  first.  Repeat  this 
washing  operation  a third  and  fourth  time,  when  the 
blood-corqniscles  will  be  free  from  serum. 
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4.  Shake  the  blood-corpuscles  thus  freed  from  serum 
with  ether  aud  water,  and  observe  that  the  red  herna- 
to crystalline  dissolves  in  the  water.  Filter  this  solution 
without  delay,  and  expose  to  a low  temperature.  If 
the  blood  came  from  dogs,  rats,  guinea  pigs,  or  squir- 
rels, it  will  crystallise  at  once,  but  if  it  came  from 
birds  will  crystallise  only  after  the  addition  of  one 
quarter  of  the  volume  of  the  solution  of  alcohol  of  80% 
strength,  and  exposure  to  a cold  of  from — 5°  to  10  C. 

Separate  the  crystals  by  filtration,  wash  with  alcohol 
of  20%  strength  by  volume,  press  them  between  fil- 
tering paper,  redissolve  in  a minimum  of  water,  filter 


again,  mix  -with  one  quarter  volume  of  alcohol  of  80%, 
and  expose  again  to  the  low  temperature.  The  crys- 
tals of  hemato crystalline  will  re-form  in  a purer  state 
than  before.  If  the  blood  employed  in  this  process  be 
human  or  veterinary,  no  crystals,  but  only  an  amor- 


phous deposit  of  liematocrystalline,  will  be  obtained. 

5.  Burn  a quantity  of  these  crystals  in  a platinum 
crucible  and  observe  that  they  leave  a quantity  of 


red  iron  oxyde  corresponding  to  O' 43%  of  metallic 
iron  in  the  crystals.  Determine  the  other  elements 
and  observe  that  all  analyses  lead  to  the  formula 
C„  Hsoo  N1M  Fe  S3  Om,  giving  an  atomic  weight  of 

13280. 

6.  Place  a concentrated  solution  of  liematocrystalline 
in  a test-tube  before’  the  slit  of  the  spectroscope,  and 
observe  that  it  excludes  all  light  but  the  red.  Then 
dilute  the  solution  with  water,  and  observe  that  green 
and  blue  light  passes,  while  in  yellow  and  the 
beginning  of  green  a dark  space  remains.  On  further 
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dilution  tlie  latter  is  seen  to  consist  of  two  absorption 
bands , one,  situated  towards  the  red,  close  upon  the 
d line,  is  narrower,  darker,  and  better  defined,  while 
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Spectrum  of  Blood. 

the  second  one  situated  towards  the  green  on  the 
side  of  the  e line,  which  is  towards  d,  is  wider  and 
paler.  Dilute  the  solution  gradually  and  observe  how 
the  bands  become  paler.  Study  these  phenomena 
upon  all  kinds  of  red  blood  and  red  muscular  tissue. 

7.  Treat  a solution  of  blood  which  exhibits  the  two 
absorption  bands  with  hydrogen  or  arseniuretted 
hydrogen  gas,  or  with  a solution  of  ferrous  sulphate 
containing  tartaric  acid  and  excess  of  ammonia,  the 
air  being  in  each  case  excluded  from  contact  with  the 
mixture,  and  observe  that  the  colour  of  the  solution 
alters  to  purple,  and  that  before  the  spectroscope  only 
one  broad  band  is  seen  in  the  place  of  the  former  two. 
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Spectrum  of  reduced  Hematocrystalline. 

8.  Shake  up  the  solution  prepared  according  to  the 

6 


82 


BLOOD. 


previous  paragraph  with  air,  and  observe  that  the  one 
band  disappears  and  the  two  bands  reappear.  The 
one  band  is  peculiar  to  reduced  or  venous , the  two 
bands  are  characteristic  of  oxydised  or  arterial  hemato- 
crystalline. 

9.  Treat  some  diluted  hemato crystalline  solution  or 
blood  with  carbonic  oxyde,  and  notice  that  the  colour 
becomes  more  bluish  than  either  arterial  or  venous 
blood,  and  that  the  spectrum  is  that  of  arterial  blood, 
but  that  the  bands  are  moved  a little  more  towards 
the  violet  end.  This  combination  of  carbonic  oxyde 
with  hematocrystalline  cannot  be  dissolved  by  any 
reducing  agent,  and  is  the  cause  of  death  in  cases  of 
poisoning  by  charcoal  vapours. 

10.  Treat  some  diluted  blood  with  nitrous  oxyde  gas 
and  observe  that  the  absorption  bands  become  a little 
paler.  This  is  due  to  the  expulsion  of  oxygen  from 
and  the  combination  of  nitrous  oxyde  with  the  hemato- 
crystalline. 

11.  Treat  a solution  of  blood  with  liydrothion  or 
ammonium  sulphide,  and  observe  that  the  spectrum 
becomes  changed,  three  bands  as  in  the  following 
engraving  making  their  appearance. 


12.  Treat  some  hematocrystalline  with  acetic  or 
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sulphuric  acid  and  alcohol,  and  observe  the  formation 
of  a solution  of  hematine.  (See  Hematine.) 

13.  Boil  blood-corpuscles  isolated  by  the  salt-water 
process  under  3 with  alcohol,  and  extract  cholesterine 
and  lecithine.  From  the  insoluble  residue,  decomposed 
hematocrystalline,  extract  hematine  by  acid  and  alcohol, 
and  study  albuminous  residue  like  coagulated  albu- 
men. 

14.  Evaporate  the  filtered  ether  solution  obtained 
under  4,  and  observe  cholesterine  and  lecithine  in  the 
residue.  Identify  cholesterine  by  its  crystalline  form, 
and  lecithine  by  its  leaving  on  combustion  free  phos- 
phoric acid. 

15.  Treat  blood-corpuscles  isolated  by  the  salt- 
water process  under  3 with  water  without  stirring 
much.  The  hematocrystalline  will  dissolve  and  a 
gelatinous  matter,  the  fibrino -plastic  substance , will 
remain  undissolved.  Add  some  ether  and  alcohol  to 
curdle  the  matter  more  completely,  filter  and  wash. 
The  matter  is  soluble  in  solution  of  sodium  chloride 
and  m water  containing  one  tenth  per  cent,  of  hydro- 
chloric acid. 

16.  Collect  a quantity  of  blood  and,  without  stirring 
it,  let  stand  in  a quiet  cool  place  for  twenty-four  hours. 
Remove  the  clear  serum  with  a pipette  or  syphon,  and 
study  as  follows  : 

17.  Shake  a portion  with  ether,  and  observe  fats  or 
fatty  acids  in  the  residue  of  the  ether  solution. 

lb.  Mix  a measured  or  weighed  portion  of  serum  with 
several  times  its  bulk  of  water,  acidify  with  acetic  acid, 
and  boil.  The  albumen  of  serum  will  be  precipitated. 
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Determine  its  quantity  by  washing,  extracting  with 
boiling  alcohol,  and  weighing  the  dried  precipitate. 
It  will  probably  amount  to  between  7'9  and  9*8  % 
of  the  serum. 

19.  Evaporate  the  filtrate  from  the  albumen  pre- 
cipitate to  a low  bulk,  and  test  for  tyrosine,  leucine, 
kreatinine,  urea,  glukose,  and  extractive  acids. 

20.  Burn  the  residue  and  examine  the  white  ash , 
which  should  amount  to  about  O’ 7 to  O' 8 % of 
the  serum.  Study  the  prevalence  of  sodium  over 
potassium  salts ; of  chlorides  over  sulphates ; of 
alkalies  over  earths ; prove  the  presence  of  phosphoric 
acid. 

21.  Dry  a weighed  quantity  of  serum,  and  determine 
total  quantity  of  dry  residue. 

22.  Dilute  clear  serum  with  ten  volumes  of  water, 
and  pass  a current  of  carbonic  anhydride  through  the 
solution.  Let  stand  and  allow  the  fibrino-plastic 
substance  (also  termed  paraglobuline ) to  deposit. 

23.  Dilute  the  solution,  from  which  fibrino-plastic 
matter  has  been  deposited,  by  an  addition  of  ten 
volumes  of  water,  and  neutralise  most  cautiously  with 
very  dilute  acetic  acid.  A milky  turbidity  and  a 
subsequent  adhesive  deposit  are  formed  and  constitute 
fibrinogenous  matter. 

24.  Add  to  hydrocele  fluid,  or  to  the  fluid  of  peri- 
cardial, pleural  or  peritoneal  exudations,  a small 
quantity  of  fibrino-plastic  substance,  and  observe  that 
they  immediately  deposit  fibrine. 

25.  Shake  some  defibrinated  blood  in  a stoppered 
bottle  with  much  air  or  oxygen,  and  observe  that  it 
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assumes  a bright  red  colour,  and  evolves  carbonic 
anhydride.  Identify  the  latter  by  passing  it  through 
solution  of  baryta  or  lime. 

26.  Shake  some  oxydised  red  blood  with  carbonic 
oxyde,  and  observe  that  the  latter  gas  is  absorbed 
while  oxygen  is  expelled.  Shake  some  oxydised  blood 
with  carbonic  acid,  and  observe  that  some  oxygen  is 
expelled  and  carbonic  acid  absorbed,  while  the  blood 
assumes  a dark  red-purple  colour. 

27.  Expose  blood  enclosed  in  a piece  of  sheep’s 
gut  to  chlorine  gas,  and  observe  that  the  red  colour  of 
blood  passes  into  green. 

28.  Expose  blood  so  enclosed  to  a mixture  of 
ammonia  and  sulphide  of  ammonium  gas,  and  observe 
its  decomposition  and  dark  discoloration. 


Bvain.  1.  Free  the  brain-tissue  from  blood  by 
injecting  water  into  the  blood-vessels  while  in  the 
cranium,  or  after  removal,  and  separate  the  mem- 
bianes.  Ascertain  the  specific  gravity  of  the  white 
matter  to  be  about  1041,  that  of  the  gray  matter 
about  1034. 

-•  Dry  gray  matter  in  a water  bath  and  ascertain 
loss  of  water  to  be  from  75  to  88  %,  and  the  re- 
maining solids  to  amount  to  25  to  14  J whereas 
white  matter  will  lose  less  than  75  % of  water, 
generally  about  71  per  cent.,  and  leave  25  to  29  % of 
solids. 

3.  Extract  cerebric  acid  with  hot  ether,  as  directed 
under  Cerebric  acid. 
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4.  Extract  cevebrine  and  protagon  with,  boiling 
alcohol,  as  directed  under  those  bodies. 

5.  From  the  cold  ether  extract  containing  chole- 
sterine  and  lecithine  which  is  obtained  in  the  preparation 
of  cerebric  acid,  lecithine  is  isolated  by  the  process 
given  under  that  substance,  any  great  excess  of  the 
platinic  or  cadmium  chloride  being  avoided.  The 
filtrate  from  the  precipitated  lecithine  compound  is 
boiled  Avith  excess  of  plumbic  hydrate  and  filtered. 
On  cooling  a copious  crystalline  deposit  will  form,  from 
■which  pure  chol esterine  may  bo  obtained  by  recrystalli- 
sation from  boiling  alcohol. 

6.  Rub  brain-matter  in  a mortar  with  water  con- 
taining enough  sodium  chloride  to  prevent  cerebrine 
and  cerebric  acid  from  forming  an  emulsion ; filter 
the  mixture.  The  clear  filtrate  will  contain  potassium- 
cilbumen  or  casein , which  may  be  precipitated  by 
sulphuric  acid  not  in  excess.  From  the  filtrate 
addition  of  a few  drops  of  acetic  acid  and  boiling  will 
throw  down  albumen  if  present. 

7.  Rub  in  a mortar  to  a thin  milk  with  excess  of 
baryta  water,  heat  till  just  coagulated,  filter,  remove 
the  main  bulk  of  the  baryta  from  the  filtrate  by  a 
current  of  carbonic  acid,  and  the  last  traces  by  exact 
precipitation  with  sulphuric  acid  and  evaporate  to  a 
Ioav  bulk.  Divide  this  extract  into  two  portions. 

8.  One  portion  of  the  extract  distil  with  dilute 
sulphuric  acid  to  obtain  the  volatile  acids,  acetic  and 
formic.  Examine  them  as  directed  under  those 

bodies. 

9.  The  other  portion  of  the  extract  heat  with  ether 
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slightly  acidified  with  sulphuric  acid.  Mix  the  ethereal 
solution  with  water,  distil  off  the  ether,  remove  any 
sulphuric  acid  by  cautious  addition  of  baryta  water, 
evaporate  the  filtrate  and  test  for  lactic  acid  {q.  v)  by 
the  zinc  salt,  and  for  urea. 

10.  The  part  insoluble  in  ether  must  be  diluted  with 
water,  freed  from  sulphuric  acid  by  addition  of  just 
sufficient  baryta  water,  the  filtrate  evaporated  to  a low 
bulk  and  exhausted  with  boiling  absolute  alcohol. 
Leucine,  kreatine,  and  urea  will  dissolve,  and  some  leu- 
cine may  crystallise  out  on  cooling.  From  the  alcoholic 
solution  expel  the  alcohol  by  distillation  till  the  aqueous 
residue  forms  not  too  thick  a syrup,  adding  a little 
water,  if  necessary,  and  set  aside  to  crystallise. 
Kreatine  and  leucine  will  separate  while  urea  will 
remain  in  the  mother  liquor,  and  may  be  isolated  by 
nitric  or  oxalic  acid.  (See  Urea). 

11.  The  kreatine  and  leucine  may  sometimes  be 
mechanically  separated  (the  former  being  in  crystals, 
the  latter  in  opaque  granules)  and  afterwards  be 
purified  by  crystallisation  from  alcohol.  If  not, 
dissolve  the  mixed  deposit  in  hot  water,  and  boil  with 
zinc  chloride.  On  cooling  and  standing,  kreatinine, 
zinc  chloride,  and  kreatine  will  separate  in  granules 
(see  those  bodies).  From  the  liquid  after  precipitation 
of  the  zinc  with  ammonium  carbonate  and  boiling,  and 
evaporation  of  the  filtrate,  leucine  (and  liomologues) 
may  be  isolated  by  the  process  given  under  leucine 
(q.v.). 

12.  The  portion  insoluble  in  boiling  alcohol  must 
be  exhausted  with  boiling  water.  Some  uric  acid  may 
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remain  undissolved.  To  the  boiling  solution  add 
neutral  acetate  as  long  as  any  precipitate  is  produced. 
Filter. 

13.  The  precipitate  may  contain  lead,  urate  as  well 
as  lead,  salts  of  inosic  and  similar  acids.  Suspend  in 
a moderate  quantity  of  water  and  decompose  by 
sulphuretted  hydrogen.  The  lead  sulphide  will  retain 
most  of  the  uric  acid,  which  may  be  extracted  by 
boiling  with  water,  while  the  filtrate  will  contain  the 
inosic  acid  and  allied  bodies , if  present. 

14.  The  filtrate  from  the  precipitate  by  neutral  lead 
acetate  must  bo  precipitated  by  basic  lead  acetate 
and  cupric  acetate.  The  solution  filtered  from  these 
precipitates  may  contain  tyrosine , which  must  be  iden- 
tified by  evaporating,  dissolving  the  crystals  or  deposit 
in  a little  hydrochloric  acid,  precipitating  by  sodium 
acetate,  and  applying  the  mercury  nitrate  and  nitrite 
test.  (See  Tyrosine). 

15.  The  precipitate  may  contain  xanthine,  hypo- 
xanthine,  and  inosite.  Suspend  the  precipitate  in  a 
rather  large  quantity  of  water,  decompose  by  hydro- 
thion,  filter,  extract  the  lead  sulphide  with  boiling 
water  and  evaporate  the  filtrate  and  extract  together 
to  dryness.  From  the  residue  extract  the  inosite  by 
cold  water,  and  purify  by  crystallisation.  The  re- 
maining xanthine  and  hypoxanthine  may  be  separated 
and  purified  by  the  processes  described  under  those 
bodies. 

16.  Burn  a portion  of  dried  mixed  brain-matter  care- 
fully in  a platinum  dish  (best  in  a muffle)  and  analyse 
the  ash,  noticing  that  there  is  always  a quantity  of 
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free  phosphoric  acid  present  in  it.  Observe  that  it 
contains  1'74  % of  ash,  of  nearly  the  following  com- 
position : 


Acid  potassium  phosphate  

55-24 

„ sodium  „ 

22-93 

„ iron  „ 

1-23 

„ calcium  „ 

162 

„ magnesium 

3-40 

Free  phosphoric  acid 

Sodium  chloride 

Potassium  sulphate  ... 
Silica 

100-37 

17.  Burn  another  portion  very  gradually,  adding 
hot  saturated  baryta  water  to  the  charring  and  charred 
matters  from  time  to  time,  in  order  to  neutralise  the 
free  phosphoric  acid  formed  by  the  destruction  of 
lecithine,  and  preserve  the  whole  of  the  chlorides  and 
sulphates  intact.  Prove  by  comparison  that  the  acid 
phosphates  found  by  process  16  are  mainly  formed  by 
the  phosphoric  acid  from  the  lecithine,  expelling 
chlorine  and  sulphuric  acid  from  the  glowing  ash. 

18.  Burn  some  dry  white  brain-matter,  and  notice 
that  it  leaves  about  1*72  % of  ash  containing  free  phos- 
phoric acid  and  a large  amount  of  acid  phosphates. 

19.  Burn  some  dry  gray  brain-matter,  and  notice 
that  the  quantity  of  its  ash  is  only  1*16  %,  that  it  is 
alkaline,  and  contains  a much  smaller  quantity  of 
phosphates  than  the  ash  from  white  matter. 

20.  Treat  a minute  fibre  of  brain-substance  or  a 
bundle  of  nerve-fibres  under  the  microscope  with 
perosmic  acid,  and  notice  a blue  reaction, 
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21.  Search  for  amyloid  matter  by  the  process 
described  under  that  body. 

22.  In  some  diseases,  such  as  softening  of  the  brain, 
search  for  free  glycero-'phosjdioric  acid,  4 his  "will  pass 
into  the  liquids  obtained  by  sodium  chloride,  process 
6,  and  by  baryta  water,  process  7.  The  sodium  chloride 
solution,  freed  from  caseine  and  albumen,  as  above, 
must  be  filtered,  neutralised  with  calcium  carbonate, 
evaporated  to  a small  compass,  and  precipitated 
boiling  with  a sufficient  volume  of  alcohol.  Dissolve 
the  precipitate  in  as  little  cold  water  as  possible,  and 
boil ; calcium  gly  cero-phosphate  will  separate,  and  must 
be  again  dissolved  and  thrown  down  by  boiling,  finally 
washed  with  a very  little  hot  water,  then  with  alcohol, 
dried  at  100°  0.,  and  analysed.  It  should  contain 
CO-47  % of  Ca. 

23.  To  obtain  glycero-phosphoric  acid  from  the 
baryta  water  extract,  process  < , take  the  mother  liquoi 
of  kreatine  and  leucine,  remove  urea  by  oxalic  acid,  and 
subject  the  residual  fluid  to  the  treatment  descubed  m 
the  previous  paragraph. 

24.  The  albuminous  matters  which  remain  insoluble 
in  the  course  of  any  of  the  processes  of  extraction 
above  described,  will  yield  by  chemolysis  (e.  g.,  by 
boiling  with  dilute  sulphuric  acid)  leucine,  tyiosine, 
and  the  other  usual  decomposition  products  of 
albumen. 

Butyric  acid.— 1.  Produce  butyric  acid  from  sugar, 
as  directed  under  lactic  acid,  but  allow  the  mixture  to 
stand  five  or  six  weeks.  The  calcium  lactate  is 
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gradually  converted  into  butyrate.  When  no  more 
gas  is  evolved  dilute  with  water,  precipitate  with 
sodium  carbonate,  filter,  evaporate  down  and  decom- 
pose with  rather  dilute  sulphuric  acid.  Separate  off 
the  oily  stratum  of  butyric  acid,  distil  it  with  a little 
sulphuric  acid,  digest  with  fused  calcium  chloride  and 
again  distil,  rejecting  the  first  portions. 

2.  Distil  the  vomited  matters  or  intestinal  discharges 

O 

of  cholera  patients  (rice  water)  with  sulphuric  acid, 
neutralise  the  distillate  with  soda,  evaporate  down, 
decompose  with  sulphuric  acid,  and  distil  again. 
Saturate  the  hot  distillate  with  hydrated  oxyde  of 
copper,  and  let  stand,  when  cupric  butyrate  will  crys- 
tallise, while  cupric  acetate  will  remain  in  solution. 

3.  Butyric  acid  boils  at  157°  C. ; it  has  an  un- 
pleasant rancid  smell;  it  is  insoluble  in  water  and 
alcohol. 

4.  To  lead  acetate  solution  add  a little  butyric  acid 
dissolved  in  water;  an  oily  precipitate  of  lead  butyrate 
will  appear. 

5.  To  a solution  of  potassium  or  sodium  butyrate 
add  cupric  sulphate ; a green  precipitate  of  cupric 
butyrate  will  be  formed  soluble  in  hot  water,  and  de- 
positing in  crystals  on  cooling. 

G.  Heat  a butyrate  with  alcohol  and  sulphuric  acid. 
Butyric  ether,  having  a characteristic  odour  of  pine- 
apples, will  be  evolved. 

Calculi , biliary.  Systematic  analysis. — 1.  Heat  a 
portion  of  the  calculus  on  platinum  foil ; it  burns  with 
a clear  or  sooty  flame,  and  is  almost  entirely  consumed. 
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Boil  a portion  of  tlie  calculus  with  alcohol ; it  is  dis- 
solved, and  on  cooling  deposits  crystals  of  cholesterine. 
These  features  characterise  the  pellucid  or  pure  chole- 
sterine  calculus. 

2.  The  calculus  is  coloured  blackish  brown  or  green, 
and  contains  a coloured  nucleus.  It  burns  like  the 
former  at  first,  but  is  with  difficulty  consumed,  leaving 
a notable  amount  of  ash.  Extract  cholesterine  by  ether, 
and  test  the  coloured  residue  with  dilute  hydrochloric 
acid.  From  the  washed  residue  extract  Ulifuscine  with 
alcohol,  and  Ulirubine  with  chloroform.  The  insoluble 
residue  on  combustion  and  the  hydrochloric  extract  on 
evaporation  will  yield  earths  and  their  phosphates, 
particularly  calcium  and  magnesium.  This  bearing 
characterises  mixed  calculi  with  prevalence  of  cho- 
lesterine. 

3.  The  calculus  is  dark  red  or  brown,  rough, 
fissured,  without  fatty  feel,  and  easily  broken.  A 
portion  heated  on  platinum  foil  evolves  a disagreeable 
odour  of  burnt  feathers  and  leaves  an  ash.  Treat  a 
portion  with  water  and  hydrochloric  acid  and  chloro- 
form at  the  same  time.  The  chloroform  will  become 
red  from  dissolved  bilirubine.  Evaporate  the  chloro- 
form solution  on  a white  plate,  and  add  a di  op  of  i ed 
nitric  acid  to  the  yellow  residue,  and  observe  the  play 
of  colours  peculiar  to  the  colouring  matter  of  bile.  These 
reactions  characterise  the  calculi  with  prevalence  of 
cholochrome,  which  occur  rarely  in  man,  but  are  the 
only  calculi  hitherto  observed  in  cows  and  oxen. 

4.  The  calculi  are  small  and  black  or  dark  green, 
and  insoluble  in  most  solvents,  except  boiling  nitric 
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acid.  In  this  solution  water  produces  an  orange- 
coloured  deposit.  Neither  cliolesterine,  nor  bilifuscine, 
nor  bilirubine,  can  be  extracted  from  them,  but  they 
contain  besides  the  coloured  peculiar  ingredient  much 
earthy  salt.  They  constitute  the  variety  known  as 
calculi  with  prevalence  of  modified  choloclironie , and  are 
found  in  old  and  decrepit  persons. 

5.  Heat  a portion  of  the  calculus,  it  evolves  the 
odour  of  burnt  feathers,  and  on  combustion  leaves  a 
slight  ash.  Treat  a portion  with  alcohol  and  a little 
sulphuric  acid,  and  observe  its  solution  in  the  alcohol. 
Treat  a portion  of  the  calculus,  or  of  the  alcoholic 
extract  with  sulphuric  acid  and  sugar  as  directed  under 
cholic  acid,  a violet  colour  is  produced.  These 
reactions  characterise  calculi  with  prevalence  of  biliary 
acids. 

6.  Heat  a portion  of  the  calculus  and  it  will  evolve 
an  odour  of  burning  fat.  Treat  a portion  with  acetic 
acid  and  boiling  alcohol  and  it  will  dissolve,  and  on 
cooling  deposit  fatty  acids.  Determine  the  melting- 
point  of  these,  and  test  their  reaction  with  a boiling 
solution  of  phosphate  of  sodium.  The  calculus  may 
contain  biliary  pigments  : Calculi  with  prevalence  of 
fatty  acids. 

7.  Heat  the  calculus  or  a portion  and  observe  that  it 
is  merely  coloured,  hardly  contains  organic  matter,  and 
that  its  ash  almost  retains  the  shape  of  the  matter 
before  heating.  Add  hydrochloric  acid  to  the  ash,  or 
to  the  oiiginal  calculus,  and  it  will  dissolve  with  effer- 
vescence. Over-saturate  the  solution  with  ammonia 
and  no,  or  scarcely  any,  precipitate  will  ensue.  Such 
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are  tlie  reactions  of  calculi  with  prevalence  oj  car- 
bonate of  lime. 

Calculi,  intestinal — From  liorses  fed  upon  bran. 
Saw  the  calculus  in  two  halves,  and  observe  nucleus. 
Examine  saw-meal  or  a chip  of  the  hard  crystalline 
matter.  It  loses  water  and  ammonia  by  heating  to 
redness,  and  leaves  a residue  easily  soluble  in  hydro- 
chloric acid,  and  reprecipitated,  on  standing  in  crystals, 
by  excess  of  ammonia.  The  calculus,  therefore,  consists 
mainly  of  am/monio-phosphate  of  magnesium,  with  which 
more  or  less  phosphate  of  calcium  is  mixed.  It  hardly 
contains  any  inorganic  matter. 

Calculi,  prostatic. — Minute  concretions,  from  the 
size  of  mustard  or  hemp  seeds  to  that  of  barley- 
corns. Dissolve  powder  in  acetic  acid,  and  observe 
evolution  of  carbonic  acid  gas.  Add  to  solution 
excess  of  ammonia,  and  observe  that  solution  remains 
clear ; absence  of  phosphates  of  earths ; if  solution 
forms  deposit  phosphates  of  earths  are  present.  If 
necessary  filter,  and  add  oxalate  of  ammonium;  a 
copious  precipitate  of  calcium  oxalate  will  ensue.  I he 
calculi,  therefore,  consist  principally  or  entirely  of 
carbonate  of  calcium . 

Calculi,  urinary. — Systematic  analysis.  Powder  the 
calculus.  Heat  a small  portion  of  the  powder  to 
redness  on  some  platinum  foil  and  observe  whether 
any  residue  is  left  which  will  not  burn  oft'. 

A.  In  case  it  leaves  a fixed  residue,  take  a small 


URINARY  CALCULI. 


95 


portion  of  the  original  calculus,  dissolve  in  concen- 
trated nitric  acid,  evaporate  to  dryness  on  a water  hath 
in  a white  porcelain  evaporating  dish  ; dip  a glass  rod 
into  the  strongest  ammonia,  and  bring  it  near  the 
residue  in  the  dish,  and  observe  whether  a pink  colour 
is  produced  or  not. 

I.  A pink  colour  is  produced,  proving  that  the  cal- 
culus contains  uric  acid;  observe  whether  a 
portion  of  the  calculus  melts  on  being  heated. 

a.  It  melts — 

1.  And  communicates  a strong  yellow  colour 
to  the  flame  of  a spirit  lamp  or  Bunsen 
burner ; Sodium  urate. 

2.  And  communicates  a violet  colour  to  the 
flame,  giving  the  potassium  spectrum ; Potas- 
sium urate. 

b.  It  does  not  melt ; dissolve  the  residue  left  after 
ignition  in  a little  dilute  hydrochloric  acid,  add 
ammonia  till  alkaline,  and  then  ammonium 
carbonate  solution. 

1.  A white  precipitate  falls  ; Calcium  urate. 

2.  No  precipitate ; add  some  hydric  sodic 
phosphate  solution ; a white  crystalline  pre- 
cipitate  falls  ; Magnesium  urate. 

II.  No  pink  colour  is  produced.  Observe  whether  a 
portion  of  the  calculus  melts  on  being  heated 
strongly* 

a.  It  melts  (fusible  calculus).  Treat  the  residue 
with  acetic  acid : it  dissolves ; add  to  the 
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solution  ammonia  in  excess ; a wliite  crys- 
talline precipitate  falls ; Ammonio  magnesium 
phosphate.  In  case  the  melted  residue  is  in- 
soluble in  acetic  acid,  treat  with  hydrochloric 
acid;  it  dissolves.  Add  to  the  solution  am- 
monia ; a white  precipitate  indicates  Calcium 
phosphate. 

h.  It  does  not  melt;  moisten  the  residue  with 
water,  and  test  its  reaction  with  litmus  paper ; 
it  is  not  alkaline.  Treat  with  hydrochloric 
acid,  it  dissolves  without  effervescence.  Add 
to  the  solution  ammonia  in  excess , white  pre- 
cipitate; Calcium  phosphate.  Treat  the  cal- 
culus with  acetic  acid ; it  does  not  dissolve. 
Treat  the  residue  after  heating  with  acetic 
acid,  it  dissolves  with  effervescence ; Calcium 
oxalate.  Treat  the  original  calculus  with  acetic 
acid,  it  dissolves  with  effervescence ; Calcium 
carbonate. 

B.  The  calculus  on  being  heated  does  not  leave  a 
fixed  residue.  Treat  a portion  of  the  calculus  with 
nitric  acid,  evaporate  and  expose  to  ammonia  vapour 
as  before. 

I.  A pink  colour  is  developed. 

a.  Mix  a portion  of  the  powdered  calculus  with  a 
little  lime,  and  moisten  with  a little  water; 
ammonia  is  evolved  and  a red  litmus  paper 
suspended  over  the  mass  is  turned  blue ; 
Ammonium  urate. 

b.  No  ammonia;  Uric  acid. 
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II.  No  pink  colour  is  developed. 

a.  But  tlie  nitric  acid  solution  turns  yellow  as  it 
is  evaporated,  and  leaves  a residue  insoluble  in 
potassium  carbonate  ; Xanthine. 

b.  The  nitric  acid  solution  turns  dark  brown 
and  leaves  a residue  soluble  in  ammonia ; 
Cystine. 

Caserne . — 1.  Add  to  skimmed  milk  a little  hydro- 
chloric acid,  wash  the  curd  with  water,  then  with  water 
acidified  with  hydrochloric  acid,  and  finally  with  plain 
water.  Dissolve  the  jelly  (caseine  hydrochlorate)  in  a 
large  quantity  of  water,  filter,  add  ammonium  car- 
bonate cautiously,  wash  the  precipitate  (free  caseine), 
exhaust  with  alcohol  and  ether,  and  wash  again  with 
water. 

2.  Dissolve  the  moist  caseine  thus  obtained  in  dilute 
hydrochloric  acid,  filter.  The  liquid  will  rotate 
polarised  light  to  the  left,  and  will  possess  the  pro- 
perties of  a solution  of  albumen. 

3.  To  a weak  solution  of  caustic  potash  add  moist 
caseine  as  long  as  dissolved.  The  alkali  will  be  neu- 
tralized. Filter  and  use  for  the  following  ex- 
periments : 

4.  Add  an  acid— the  caseine  will  be  precipitated,  but 
will  redissolve  in  excess  of  the  acid. 

5.  Boil  the  solution.  It  will  not  coagulate,  but  an 
insoluble  pellicle  will  form  on  the  surface. 

d*  Add  solution  of  a calcium  salt,  or  of  magnesium 
sulphate.  A precipitate  will  appear  on  boiling. 

i . Add  solution  of  lead  acetate,  cupric  sulphate, 
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alum,  mercuric  chloride,  or  tannic  acid.  A precipitate 
will  appear  in  the  cold. 

8.  Dissolve  moist  caseine  in  acetic  acid.  Add  solution 
of  potassium  ferrocyanide  or  chromate ; the  caseine  will 
be  precipitated. 

9.  Dissolve  moist  caseine  by  warming  in  concentrated 
hydrochloric  acid.  The  solution  will  have  a fine  violet 
colour. 

10.  Expose  moist  caseine  to  the  air.  It  will  putrefy, 
and  yield  similar  products  to  fibrine  (see  fibrine). 

11.  Boil  caseine  with  caustic  potash.  Ammonia  is 
evolved.  To  the  liquid  add  lead  acetate.  A black 
precipitate  wrill  prove  the  presence  of  potassium 
sulphide. 

Cerebric  acid  (Fremy’s). — 1.  Brain  is  cut  into  small 
pieces,  treated  repeatedly  with  boihng  alcohol,  and  left 
for  some  days  in  alcohol,  to  remove  water,  then 
pressed,  pounded,  and  extracted  with  boiling  ether, 
which  dissolves  cerebric  acid  and  other  substances. 
Distil  off  the  ether,  and  exhaust  the  residue  with  cold 
ether  to  remove  cholesterine  and  lecithine  (q.  v.).  Boil 
with  absolute  alcohol  acidified  slightly  with  sulphuric 
acid,  and  filter  hot.  The  deposit  formed  on  cooling 
must  be  washed  with  cold  ether  to  remove  oleo-phos- 
phoric  acid  (q.  v.),  and  the  remaining  cerebric  acid 
purified  by  recry stallisation  from  boihng  ether. 

2.  White  crystalline  granules,  swelling  up  like 
starch,  but  not  dissolving,  in  boihng  water,  insoluble 
in  cold,  soluble  in  hot  alcohol  and  ether.  From  the 
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emulsion  in  water  it  is  precipitated  by  neutral  salts, 
such  as  sodium  chloride. 

3.  Heated  on  platinum  foil  it  quickly  decomposes, 
burning  with  a peculiar  smell,  and  leaving  a difficultly 
combustible  charcoal,  and  at  last  a white  residue  of 
phosphoric  acid. 

4.  Treat  cerebric  acid  with  concentrated  sulphuric 
acid  a red  solution  will  be  formed.  Add  a little 
sugar  a deep  purple  colour  will  be  developed,  similar 
to  that  obtained  with  bile  acids  (q.  v.). 


5.  Dissolve  in  boiling  alcohol,  and  add  sufficient 
alcoholic  potash  or  soda.  A voluminous  white  pre- 
cipitate (alkaline  cerebrate,  Fremy)  is  formed,  and  on 
further  boiling  will  partially  dissolve.  Filter  hot— a 
white  body  remains  on  the  filter,  which  after  drying 
dissolves  in  boiling  alcohol,  leaving  only  a scanty 
yellow  resinous  residue,  and  on  cooling  deposits  pure 
Gerebrine  (Muller) . 

6.  Fremy’s  cerebric  acid  and  Liebreicli’s  protagon 
are  probably  compounds,  or  mixtures  in  atomic  pro- 
portions, of  lecitbine  and  cerebrine,  as  appears  from  the 
above  decomposition  and  the  following  comparison  of 
their  elementary  composition. 
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Cerebrine  (Muller) , C17H33N 03. — 1 . Brain  is  made  into 
a tliin  milk  witli  excess  of  baryta  water  (or  lead  acetate 
solution),  heated  till  it  coagulates,  the  coagulum  boiled 
with  alcohol,  and  the  solution  filtered  hot.  The  volu- 
minous white  flaky  precipitate  which  forms  on  cooling, 
is  exhausted  with  cold  ether,  and  recrystallized  from 
boiling  spirit  as  long  as  any  trace  of  a yellowish 
resinous  body  remains  insoluble  on  solution.  The 
product  is  pure  cerebrine,  having  the  following  pro- 
perties : 

2.  White,  loose,  very  light,  tasteless  and  inodorous 
powder,  neutral  to  vegetal  colours,  insoluble  in  water, 
cold  alcohol,  and  ether.  Under  the  microscope  it 
consists  of  small,  nearly  globular  particles. 

3.  Heated  on  platinum  foil,  it  turns  brown,  emitting 
a smell  of  burnt  horn,  then  melts  and  burns  with  a 
red  flame,  leaving  a black  swollen  charcoal,  which  on 
long  heating  burns  away  entirely  without  residue. 

4.  It  is  insoluble  in  cold  or  hot  baryta,  potash  or 
ammonia. 

5.  Heated  with  soda  lime  it  evolves  ammonia. 

6.  Unaltered  in  cold  water,  it  swells  up  in  hot  to  a 
thin,  light  turbid  emulsion,  permanent  on  cooling  and 
unchanged  by  acids,  alkalies,  or  metallic  salts.  On 
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evaporation  a residue  remains,  soluble  in  hot  alcohol, 
and  precipitated  on  cooling  as  unaltered  cerebrine. 

7.  Hydrochloric,  nitric,  and  phosphoric  acids  in  the 
cold  effect  no  change.  On  boiling  with  hydrochloric 
the  body  turns  reddish-violet,  then  brown,  decomposing 
and  depositing  a brown  resin  insoluble  in  acids  and 
alkalies. 

8.  In  cold  oil  of  vitriol  it  dissolves  with  a dark 
purple  colour ; the  solution  mixed  with  water  becomes 
colourless,  and  deposits  a viscid  yellowish  substance. 
This  reaction  resembles  that  of  bile  acids. 

9.  Heated  m a retort  with  nitric  acid  it  evolves  red 
fumes,  and  gives  a clear  distillate.  From  the  liquid 
in  the  retort  drops  of  yellow  oil  separate,  which 
solidify  on  cooling,  and,  after  being  freed  from  nitric 
acid  by  washing  with  water,  dissolve  in  boiling  alcohol, 
and  are  deposited  on  standing  in  white  fatty  granules. 
These,  after  repeated  crystallisation,  appear  as  a white 
waxy  mass,  tolerably  soluble  in  hot  or  cold  alcohol, 
or  ether,  reacting  in  alcoholic  solution  as  a feeble  acid,' 
and  consisting,  under  the  microscope,  of  clear  fatty 
globules  without  a trace  of  crystallisation.  This 
compound  contains  12.92  % H,  and  75.52  % C ; hence, 
probably,  all  the  nitrogen  has  been  removed.  Heated 
on  platinum  foil  it  melts  readily,  and  burns  with  a 
bright  flame  and  a smell  of  burning  fat. 

10.  Cerebrine  is  free  from  sulphur.  When  oxydised 
by  fuming  nitiic  acid,  or  by  fusing  with  potassium 
nitrate  and  potash,  it  gives  no  phosphoric  reactions 
with  any  of  the  tests.  When  phosphorus  is  found,  it 
arises  probably  from  contamination  with  lecithine. 
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11.  It  is  decomposed  at  80°  C;  hence  the  analyses 
must  be  made  on  a substance  dried  at  75°,  at  which 
temperature  no  decomposition  occurs. 

Cholesterine,  C26H440. — 1.  Powder  a human  biliary 
calculus,  boil  with  alcohol  and  allow  to  cool ; the  cho- 
lesterine crystallises  out  in  colourless  laminae  and 
rhombic  plates. 

2.  Extract  some  brain  substance  with  ether,  boil  the 
ethereal  extract  with  alcohol,  allow  to  cool ; the  cho- 
lesterine crystallises  out,  but  mixed  with  potassium 
cerebrate  and  phosphate.  Treat  with  ether  and 
evaporate ; the  cholesterine  will  crystallise  out. 

3.  Cholesterine  is  white,  tasteless,  without  smell ; it 
is  insoluble  in  water,  it  dissolves  with  difficulty  in  cold 
but  easily  in  boiling  alcohol. 

4.  Mix  some  cholesterine  with  a little  dilute  sulphuric 
acid,  warm  gently,  add  gradually  some  concentrated 
sulphuric  acid  : the  cholesterine  will  soften  and  acquire 
a deep  red  colour  without  evolving  any  gas. 

5.  Heat  some  cholesterine  cautiously  in  an  inclined 
glass  tube  ; it  will  fuse,  boil  and  distil,  and  be  con- 
densed as  a solid  crystalline  mass  in  the  cold  part  of 
the  tube. 

6.  Enclose  cholesterine  with  any  free  fatty  acid  in  a 
glass  tube,  seal  by  fusion  and  heat  the  tube  for  a long 
time  to  150°.  The  cholesterine  will  combine  with  the 
fatty  acid  and  form  a cholesteride  or  body  similar  to 
the  glycerides  or  ordinary  fats. 

Cholic  acid,  C^H^Og,— 1.  Boil  glykocholic  or  tauro- 
cholic  acid,  or  purified  bile,  with  excess  of  hot  con- 
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centrated  baryta  water  for  some  time,  allow  to  cool, 
separate  off  the  crystalline  mass  and  heat  it  with 
hydrochloric  acid.  The  cholic  acid  will  then  separate 
as  a glutinous  resin.  Allow  to  stand,  decant  the 
solution  of  baryum  chloride,  wash  the  resinous  mass 
well  with  water,  dissolve  in  boiling  alcohol,  and  leave 
the  solution  to  crystallise.  Separate  the  colourless 
glassy  crystals. 

2.  Ascertain  their  slight  solubility  in  water,  greater 
solubility  in  ether,  and  great  solubility  in  boiling 
alcohol. 

3.  Expose  them  to  dry  air  under  the  receiver  of 
the  air-pump  over  sulphuric  acid ; observe  that  they 
lose  water  of  crystallisation  and  disintegrate. 

4.  Take  a small  quantity  of  the  acid  and  treat  with 
a drop  of  solution  of  cane-sugar,  adding  concentrated 
sulphuric  acid  until  the  acid  is  entirely  dissolved.  On 
standing  for  a short  time  the  mixture  will  assume  a 
purple  colour.  This  test,  known  as  Pettenkofer’s,  is 
also  produced  by  the  glyko-  and  tauro-cholic  acid,  and 
these  yield  it  probably  by  virtue  of  their  decomposition 
liberating  cholic  acid.  See  spectrum,  p.  74. 

5.  Boil  cholic  acid  with  nitric  acid  for  a long  time, 
and  obtain  cholesteric  acid  from  the  mother  liquor.  As 
the  same  acid  is  obtained  from  cholesterine  by  the  same 
process,  it  is  probable  that  cholic  acid  and  cholesterine 
have  the  same  radical  in  common. 

Chondrine.  1.  Boil  cartilage  from  a young  subject 
m water  in  an  open  vessel  during  twenty- four  hours, 
or  in  a Papin  s digester  under  pressure  at  120°  C. 
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during  four  hours,  and  observe  that  it  dissolves,  and 
that  a solution  of  chondrine  is  formed,  which  on  cooling 
gelatinises. 

2.  To  the  hot  solution  of  chondrine  add  acetic  acid, 
decant  the  fluid  from  the  precipitated  chondrine , and 
mix  it  with  alcohol  and  ether.  The  dry  product  is 
pure  chondrine. 

3.  Compare  a solution  of  ordinary  gelatine  with  the 
chondrine  solution,  and  observe  that  the  former  is  not 
precipitated  by  acetic  acid. 

4.  To  a pure  watery  solution  of  chondrine  add  some 
chloride  or  acetate  of  sodium,  then  acetic  acid,  and 
observe  that  the  precipitation  of  chondrine  does  not  take 
place. 

5.  Place  a watery  or  alkaline  solution  of  chondrine  in 
the  polaroscope,  and  observe  that  it  rotates  towards  the 
left;  the  alkaline  solution  the  more  so,  the  more 
alkali  it  contains. 

6.  Boil  with  sulphuric  acid  and  treat  the  acid  liquid 
as  described  under  leucine,  and  obtain  this  body. 
Observe  that  no  glykokoll  can  be  obtained. 

7.  Boil  cartilage  or  chondrine  with  concentrated 
hydrochloric  acid  until  a sample  after  having  been 
made  alkaline  reduces  Trommer’s  copper  solution. 
Boil  the  mixture  with  litharge,  filter ; to  the  filtrate 
add  basic  lead  acetate  and  ammonia ; isolate  the  pre- 
cipitate, decompose  it  with  hydrothion,  evaporate  to  a 
small  bulk.  The  syrup  obtained  is  fermentescible 

8.  To  a solution  of  chondrine  in  hot  water  add 
alcohol : the  chondrine  will  be  precipitated  in  flakes. 
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9.  Add  sulphuric,  hydrochloric,  nitric,  or  phosphoric 
acid,  a precipitate  will  at  first  form,  but  will  redissolve 
in  excess  of  the  acid. 

10.  Add  arsenic,  oxalic,  acetic,  tartaric,  citric,  or 
lactic  acid,  or  carbonic  acid  water ; a precipitate  will 
fall,  insoluble  in  excess  of  acid. 

11.  Add  solution  of  ferrous  sulphate,  ferric  chloride, 
alum,  cupric  sulphate,  mercurous  or  mercuric  nitrate  ; 
a white  precipitate  is  formed  in  each  case. 

12.  Add  solution  of  potassium  ferrocyanide,  or 
mercuric  chloride.  No  precipitate  will  be  produced. 

13.  Drop  a piece  of  dry  chondrine  into  strong 
nitric  acid  and  boil.  It  will  turn  yellow  and  finally 
dissolve. 

Chyle. — 1 . Collect  some  white  chyle  from  the  chyle 
vessels  op  the  intestine  of  a freshly  killed  animal  by  means 
of  finely  drawn  out  glass  tubes  containing  rarefied  air. 
Observe  that  the  chyle  coagulates  after  some  minutes 
oi  lioui  s,  and  can  be  isolated  from  the  tube  as  a white 
cylinder  of  solid  matter. 

2.  Collect  some  chyle  by  means  of  a repetition  of 
thib  piocess  in  a small  vessel.  Keep  this  covered  to 
prevent  evaporation ; observe  that  the  chyle  coagulates 
and  on  standing  separates  into  white  fibrine,  and  into 
a white  turbid  serum,  of  strongly  alkaline  reaction. 

3.  Collect  chyle  from  the  thoracic  duct  by  means  of 
a suction  syringe,  or  from  living  animals  by  a canula 
inserted  by  means  of  a skilful  operation. 

4.  Observe  microscopically  that  it  contains  white  and 
red  blood-corpuscles  and  fat  granules. 
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5.  Separate  tlie  coagulum  from  chyle  and  observe 
that  it  has  all  the  properties  of fibrine. 

6.  Treat  the  serum  with  ether ; it  will  not  become 
clear.  Add  acetic  acid  or  caustic  potash  to  the  serum, 
and  the  ether  will  then  extract  all  the  fat. 

7.  The  addition  of  acetic  acid  in  sufficient  quantity 
to  the  serum  of  chyle  causes  a precipitate  of  caseine. 

8.  Boil  the  serum  acidified  with  acetic  acid  and 
filtered  from  the  caseine,  and  observe  that  the  albumen 
is  precipitated. 

9.  In  the  filtrate  prove  the  presence  of  peptones  by 
the  reactions  indicated  under  Chyme. 

10.  Evaporate  the  filtrate  to  an  extract,  and  pre- 
cipitate all  peptones  by  absolute  alcohol.  Evaporate 
the  alcohol  from  the  filtrate.  Remove  fats  by  extrac- 
tion with  ether.  Then  extract  by  means  of  ether  to 
which  some  sulphuric  acid  has  been  added.  The  ether 
leaves  lactic  acid  on  evaporation,  to  be  purified  and 
tested  as  shown  under  that  paragraph. 

11.  Examine  the  extract  for  glucose  by  Trommer’s 
alkaline  copper-solution. 

12.  With  the  fats  extracted  under  10  some  urea  is 
extracted.  Separate  this  by  water  from  the  ether 
residue  and  test  with  nitric  and  oxalic  acid. 

13.  Burn  the  extract  of  chyle  and  analyse  the  alka- 
line ash.  Observe  its  great  similarity  to  the  ash  of  the 
serum  of  blood;  it  contains  little  iron  and  phos- 
phoric acid,  with  lime  and  magnesia,  but  a considerable 
amount  of  chlorine  and  alkalies,  in  the  latter  soda 
prevails. 
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Chyme. — 1.  Subject  chyme  to  dialysis,  and  use  the 
dialysed  liquid,  after  evaporation  to  a small  bulk,  for 
the  following  tests,  or 

2.  Obtain  peptones  from  fibrine,  albumen,  syntonine, 
or  gluten  by  artificial  digestion  with  pepsine  and  dilute 
hydrochloric  acid,  and  use  the  resulting  liquids  for 
these  tests. 

3.  Boil  the  solution  ; it  is  not  coagulated. 

4.  Add  pure  taurocholic  or  glykocholic  acid  ; in  each 
case  a precipitate  is  immediately  produced. 

o.  Observe  that  the  solutions  turn  the  ray  of 
polarised  light  towards  the  left. 

6.  Precipitate  the  solution  with  absolute  alcohol, 
the  white  flakes  of  precipitated  peptone  are  again  soluble 
in  very  dilute  alcohol. 

7.  Add  Trommer’s  copper  solution  to  chyme  or 
peptone,  and  observe  that  it  forms  a purple  fluid. 
Boil,  and  if  a red  precipitate  ensues  glucose  is  present 
in  the  chyme. 

8.  Add  cupric  sulphate,  ferric  chloride,  dilute 
mineral  acids  to  peptones,  and  see  that  no  precipitates 
ensue. 

9.  Add  chlorine,  iodine,  tannin,  corrosive  sublimate, 
mercuric  or  mercurous  nitrate,  silver  nitrate,  neutral 
oi  basic  lead  acetate,  and  observe  that  the  peptones 
give  a precipitate  with  each  of  these  reagents. 

10.  Boil  peptone  with  mercurous  and  mercuric 
nitrite  and  nitrate  with  ultimately  a slight  excess  of 
nitiic  acid,  and  observe  that  a red  precipitate  and 
solution  results. 

11.  Ascertain  the  composition  of  any  peptone  pro- 
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ducecl  by  process  6,  to  be  almost  equal  to  the  original 
substance  from  which  it  was  produced  by  artificial 
digestion. 

Connective  tissue. — 1.  Boil  connective  tissue  with 
water.  It  will  swell  up  and  at  last  dissolve.  The 
filtered  solution  will  have  the  properties  of  a solution 
of  gelatine  (q.  v.). 

2.  Treat  with  acetic  acid  ; it  will  swell  up  and  be- 
come transparent.  Add  water  and  boil.  It  will 
dissolve.  To  the  solution  add  potassium  ferrocyanide. 
No  precipitate  will  ensue. 

Corpora  lutea.  See  Ovario-luteine. 

Cruentine. — 1.  Boil  the  blood-corpuscles,  purified  as 
in  the  preparation  of  hfematine,  with  sulphuric  acid. 
The  brown-red  flakes  of  cruentine  which  form  in  the 
liquid  must  be  washed  with  water  till  neutral. 

2.  Dissolve  the  flakes  in  sulphuric  acid.  The  spec- 
trum will  show  three  bands. 


A a B C D EbF  G HH' 


Spectrum  of  sulphate  of  cruentine. 


3.  Treat  a portion  of  the  dried  flakes  with  ether  or 
chloroform.  The  red  chloroform  solution  has  a spec- 
trum of  four  bands  and  a powerful  rose-red  fluoresence. 
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4.  Treat  a portion  of  the  flakes  already  extracted 
with  chloroform,  with  alcohol.  It  will  dissolve  almost 
entirely,  and  the  spectrum  of  the  solution  will  show 
five  bands. 


A n "R  n Ti  1.  T7\ 


Add  ammonia  till  alkaline,  one  band  will  disappear 
and  the  others  slightly  change  their  position  and  size. 
5.  Cruentine  dissolved  in  ammonia  shows  four  bands. 


When  treated  with  the  ferrous  tartrate  solution 
described  under  liematine,  it  is  reduced  and  now  shows 


110 


CKUENTINE. 


tliree  bands.  Shaking  with  air  re-oxydises  it,  and 
restores  the  former  spectrum. 

AaBOD  Eb  F G HH' 


Spectrum  of  reduced  cruentine. 


6.  Treat  the  chloroform  solution  obtained  in  2 
with  hydrochloric  acid  and  water.  Warm  the  solution 
till  clear.  The  spectrum  will  show  three  bands.  Add 
excess  of  ammonia  and  warm.  The  three  bands  are 
unaltered. 


AaBOD  EbF  G HH' 


Hydrochloric  product  of  fluorescent  cruentine. 


7.  Boil  the  flakes  obtained  in  1 with  much  alcohol 
and  filter  hot.  On  cooling  red  flakes  will  be  deposited. 
Filter,  wash  with  alcohol,  and  dissolve  them  in  dilute 
hydrochloric  acid,  and  observe  spectrum  of  two  bands. 
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Neutralise  with  carbonate  of  sodium,  wash  precipi- 
tate, and  dissolve  in  some  carbonate  of  sodium. 
Observe  that  the  spectrum  has  the  same  two  bands  as 
the  hydrochloric  acid  solution. 

Cystine,  C3H0NSOo.' — 1.  A urinary  calculus  containing 
cystine  (see  Calculi)  is  powdered,  digested  with  am- 
monia, filtered,  and  the  filtrate  allowed  to  evaporate  and 
to  crystallise.  • The  crystals  must  be  washed  with  water. 
They  are  insoluble  in  water  and  alcohol. 

2.  Heat  a little  powdered  cystine  with  potash  solution 
till  dissolved,  add  acetic  acid  in  slight  excess.  The 
cystine  will  be  slowly  deposited  in  neutral  six-sided 
laminm.  Examine  microscopically. 

3.  Dissolve  a small  quantity  of  cystine  in  dilute 
hydrochloric,  nitric,  or  sulphuric  acid.  Evaporate 
the  solution  and  set  aside  to  crystallise.  Grouped 
acicular  crystals  of  a cystine  salt  will  gradually  be 
formed. 

4.  To  the  solution  in  acid  obtained  in  the  foregoing 
experiment  add  ammonium  carbonate.  The  cystine 
will  be  precipitated  as  a white  powder. 

5.  Heat  some  dry  cystine  in  a tube.  It  will  give  off 
a thick,  fetid  oil,  hydrocyanic  acid,  and  ammonia,  and 
leave  a porous  charcoal. 

6.  Fuse  with  caustic  potash  in  a tube.  An  inflam- 
mable gas  will  be  evolved  forming  sulphurous  anhy- 
dride when  burned.  Dissolve  the  residue  in  water  and 
add  lead  acetate;  a black  precipitate  will  appear, 
proving  the  presence  of  sulphur. 

8.  Heat  on  platinum  foil.  A peculiar,  disagreeable 
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odour  will  be  given  off,  and  the  cystine  will  burn  off 
without  melting,  evolving  a smell  of  hydrocyanic  acid. 

Dentine. — 1.  The  main  portion  of  the  substance  of 
the  teeth,  covered  outside  by  the  enamel.  The  struc- 
ture is  tubular.  It  contains  animal  matter,  calcium 
carbonate  and  phosphate,  and  a trace  of  magnesium 
phosphate. 

2.  The  enamel  contains  calcium  carbonate,  phosphate, 
and  fluoride,  magnesium  phosphate,  and  a very  little 
organic  matter. 

Dextrine,  C12H10O10. — 1.  Take  20  grammes  of  starch, 
mix  with  30  c.c.  of  water.  Dilute  5 grammes  of  con- 
centrated sulphuric  acid  with  30  c.c.  of  water  and  add 
the  dilute  acid  gradually  to  the  starch  paste.  Mix 
well  and  heat  for  some  time  in  a water  bath  at  90°  C. 
When  cold  add  alcohol ; the  dextrine  will  be  precipi- 
tated. 

2.  Dextrine  cannot  be  crystallised;  it  is  soluble  in 
water,  but  insoluble  in  absolute  alcohol. 

3.  Dissolve  a portion  in  water  and  add  a drop  of 
dilute  tincture  of  iodine;  the  solution  remains  un- 
coloured. Starch,  under  similar  circumstances,  would 
be  coloured  a deep  blue. 

4.  Add  to  an  aqueous  solution  of  dextrine,  some 
solution  of  caustic  potash  and  a drop  of  a very  dilute 
sulphate  of  copper  solution  ; boil ; the  copper  salt  will 
be  reduced,  the  liquid  darkens,  and  finally  a bright  red 
precipitate  of  copper  suboxyde  is  precipitated. 

5.  It  rotates  polarised  light  to  the  right.  Boil  dex- 
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trine  with  dilute  sulphuric  acid,  it  will  be  converted  into 
glyhose. 

Elastic  Tissue. — 1.  From  the  neck-band  and  middle 
coat  of  arteries  and  veins.  Remove  extraneous 
matters  by  boiling  with  alcohol,  ether,  water,  strong 
acetic  acid,  dilute  potash,  water,  dilute  hydrochloric 
acid  (10%),  and  again  with  water  and  dry  at  100°  C. 
The  residue,  elastine,  is  a brittle,  yellowish,  fibrous, 
mass,  swelling  up,  but  insoluble  in  water,  insoluble  in 
alcohol,  ether,  and  acetic  acid.  Examine  as  follows  : 

2.  Soak  in  dilute  acetic  acid;  it  will  recover  its 
elasticity  and  fibrous  appearance. 

3.  Boil  a long  time  with  water;  it  will  remain  in- 
soluble and  will  not  be  converted  into  gelatine.  (See 
Connective  Tissue .) 

4.  Digest  with  strong  caustic  potash;  a brown 
solution  will  be  formed.  Neutralise  with  sulphuric 
acid  and  add  tannic  acid,  a precipitate  will  ensue.  No 
other  acid  will  produce  a precipitate,  and  the  solution 
will  not  form  a jelly  when  evaporated. 

5.  Ghemolyse  by  boiling  with  dilute  sulphuric  acid; 
it  will  yield  nearly  the  same  products  as  albumen  {q.  v.). 

6.  Heat  on  platinum  foil ; it  will  burn  away  entirely 
without  ash. 

7.  Fuse  with  caustic  potash,  dissolve  in  water,  and 
add  potash-acetate  of  lead.  No  black  precipitate  will 
form,  proving  absence  of  sulphur. 

Excretine.  C78H15GS03  (Marcet). — 1.  Extract  dried 
human  faeces  with  boiling  absolute  alcohol,  on  evapo- 
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rating  the  extract  and  allowing  to  stand,  if  possible  at 
0°  C.,  silky  crystals  of  excretine  are  deposited. 

2.  Excretine  is  very  soluble  in  ether. 

Excretolic  Acid  (Marcet). — 1.  Obtain,  as  directed 
under  feces  and  purify  by  dissolving  in  hot  alcohol, 
and  allowing  to  deposit  on  cooling. 

2.  It  is  an  olive-coloured  substance  with  an  offensive 
odour  of  feces,  very  soluble  in  hot  alcohol  and  in  ether, 
slightly  soluble  in  cold  alcohol,  insoluble  in  water.  The 
alcoholic  solution  has  an  acid  reaction. 

3.  Heat  on  platinum  foil ; it  will  burn  with  a lumi- 
nous flame,  evolving  a fecal  smell. 

Fceces. — 1.  Dry  and  ascertain  proportion  of  water 
(73  to  75%). 

2.  Exhaust  a quantity  of  dried  feces  with  boiling 
alcohol.  (The  residue  will  be  insoluble  in  water  and 
ether  and  will  consist  mainly  of  food-remains  and 
insoluble  inorganic  matters.)  Filter,  and  allow  the 
solution  to  stand.  A deposit  containing  a peculiar  fat 
called  excretolic  acid  (q.  v .)  will  gradually  form. 

3.  Filter  again,  add  milk  of  lime  ; a brown  precipi- 
tate wdl  fall.  Dry  the  precipitate  and  extract  it  with 
ether ; the  ether  on  evaporation  will  leave  excretine 
(q.v.),  which  may  be  purified  by  crystallisation  from 

alcohol. 

4.  The  portion  insoluble  in  ether  must  be  boiled 
with  dilute  hydrochloric  acid,  and  the  resulting 
fatty  acid  (generally  margaric)  washed  with  water  and 
treated  as  directed  under  fats  (q-v.). 
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5.  Another  portion  of  this  insoluble  matter  should 
be  digested  with  dilute  sulphuric  acid,  and  the  solution 
examined  spectroscopically  for  products  of  decomposi- 
tion of  hematine  or  other  matters. 

6.  Digest  the  dried  fasces  in  chloroform  : no  cholo- 
plneine  can  be  extracted,  showing  that  the  biliary 
matters,  if  present,  had  been  changed  in  composition 
in  passing  through  the  intestine. 

7.  Distil  the  fresh  undried  faeces  with  dilute  sul- 
phuric acid ; a fetid  distillate  will  pass  over,  containing 
volatile  acids  ( q.v .)  and  an  essential  oil. 

8.  Burn  dried  feces  and  analyse  ash.  Notice  pre- 
dominance of  potash  over  soda. 


Fats.  Extraction  and  separation  of  animal  fats. — 1. 
Exhaust  the  substance  (concentrated  to  an  extract,  if 
liquid)  with  boiling  90%  alcohol  containing  enough 
sulphuric  acid  to  decompose  any  soaps  that  may  be 
present,  evaporate  the  mixed  filtered  extracts  to  near 
dryness,  treat  with  three  or  four  volumes  of  ether, 


allow  to  stand  for  some  time  with  frequent  agitation, 
decant  or  filter. 

2.  The  matter  insoluble  in  cold  ether  may  contain 
cerebric  acid,  palmitin,  and  stearin.  Boil  with  caustic 
potash  solution  till  saponified,  separate  out  the  soaps 
by  adding  solid  potassium  chloride,  collect,  press,  dry 
at  100°  0.,  reduce  to  as  fine  a powder  as  possible,  and 
digest  with  cold  alcohol.  Potassium  cerebrate  will 
remain  undissolved. 


o.  Wash  the  cerebrate  with  cold  alcohol,  decompose 
by  boiling  alcohol  containing  sulphuric  acid,  and 
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decant  or  filter.  On  cooling,  tlie  cerebric  acid  will  be 
deposited,  and  must  be  waslied  with  cold  ether  and 
purified  by  recrystallising  from  boiling  ether. 

4.  Warm  the  alcoholic  solution  of  stearate  and 
palmitate,  add  cautiously  alcohol  containing  sulphuric 
acid  till  all  the  potassium  has  been  precipitated  as 
sulphate.  Filter,  evaporate  down,  and  separate  the 
stearic  and  palmitic  acid  by  crystallisation  from 
absolute  alcohol,  in  which  the  former  is  the  less 
soluble. 

5.  The  ethereal  solution  must  be  evaporated  to 
dryness,  boiled  with  caustic  potash  till  saponified,  and 
decanted  from  undissolved  cholesterine. 

6.  The  cholesterine  is  purified  by  crystallisation  from 
boiling  alcohol. 

7.  The  soap,  containing  oleic  and  margaric  acids , 
must  be  salted  out  by  potassium  chloride,  again 
dissolved  and  salted  out,  dried,  powdered,  and  di- 
gested with  cold  alcohol,  in  which  oleate  is  the  more 
soluble.  From  the  salts  thus  separated  the  acids  are 
obtained  by  sulphuric  acid  as  above.  The  margaric 
acid  may  be  purified  by  crystallisation  from  alcohol. 
Digest  the  oleic  acid  at  100°  C.  with  half  its  weight  of 
finely-powdered  lead  oxyde,  mix  the  resulting  mass 
with  two  volumes  of  ether,  allow  to  stand ; decant 
from  any  undissolved  matter,  shake  the  solution  with 
enough  dilute  sulphuric  acid  to  combine  with  nearly 
all  the  lead,  separate  off  the  solution  of  oleic  acid  in 
ether,  and  drive  off  the  ether  by  distillation. 

Fibrine  of  blood. — 1 . Beat  briskly  a quantity  of  fresh- 
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drawn  blood  with  a bundle  of  twigs.  Remove  tbe 
fibrine  adhering  to  the  twigs,  put  it  in  a bag,  tie  the 
mouth  of  the  bag  tightly  round  a tap,  and  allow  water 
to  run  through,  frequently  kneading  the  mass,  until 
colourless.  The  substance  thus  obtained  is  fibrine 
mixed  with  white  blood-corpuscles. 

2.  Keep  moist  fibrine  in  a covered  beaker  in  a 
warm  place.  It  will  gradually  liquefy  and  give  off 
an  offensive  smell,  owing  mainly  to  butyrate  and 
valerate  of  ammonia.  The  mass  mixed  with  water 
will  coagulate  on  heating,  showing  the  presence  of 
albumen.  Ammonium  sulphide  will  also  be  formed, 
and  will  blacken  a slip  of  paper  moistened  with  lead 
acetate. 

3.  Extract  with  boiling  water,  evaporate  to  dryness, 
and  digest  with  strong  alcohol.  Evaporate  the 
alcohol  solution  to  dryness ; the  residue  will  give  the 
reactions  of  leucine  ( q.v .).  The  portion  insoluble  in 
alcohol  must  be  treated  with  a little  concentrated 
hydrochloric  acid,  and  the  acid  solution  precipitated 
by  excess  of  strong  sodium  acetate  solution.  The 
precipitate  will  give  the  reactions  of  tyrosine  (q.v.). 

4.  Dry  a portion  and  heat  on  platinum  foil.  It 
takes  fire,  giving  out  a smell  of  burnt  feathers,  and 
leaves  a porous  charcoal. 

5.  Dissolve  fibrine  in  dilute  caustic  potash  at  60°  C., 
filter,  and  add  slowly  acetic  or  tribasic  phosphoric 
acid.  A precipitate  will  be  formed,  soluble  in  excess 
of  acid. 

6.  Boil  with  caustic  potash,  ammonia  will  be 
evolved.  Potassium  sulphide  will  be  formed  in  the 
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liquid  and  will  give  a black  precipitate  with  lead 
acetate. 

7.  Concentrated  hydrochloric  acid  on  warming 
dissolves  it  with  a violet  colour. 

8.  Add  nitric  acid  ; the  fibrine  will  turn  yellow  and 
dissolve. 

9.  Add  concentrated  acetic  or  tribasic  phosphoric 
acid ; a gelatinous  mass,  soluble  in  water,  will  be 
produced. 

10.  Tannic  acid  precipitates  it  from  its  solutions, 
and  forms  with  it  in  the  solid  state  a hard  imputres- 
cible  mass. 

11.  Place  a portion  of  fibrine  in  dilute  hydrogen 
peroxyde ; it  will  become  coAmred  with  bubbles  of 
disengaged  oxygen.  Prove  that  the  gas  is  oxygen. 

Fluopittine. — A resinous  body  obtained  from  fluores- 
centine  ( q.v .).,  showing  the  folio wing  remarkable 
spectrum. 

A a B 0 D E b F G HE' 


Spectrum  of  fluopittine. 


Fluor  escentine. — An  organic  base  obtained  in  decom- 
posing albuminous  substances  by  ckemolysis. 

Formic  acid  CH303. — 1.  Obtain  from  animal  sub- 
stances, as  described  under  Acetic  acid,  1 and  2.  Formic 
acid  boils  at  101°  C.,  giving  an  inflammable  vapour. 


GASTRIC  JUICE. 
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2.  To  sodium  formiate  solution  add  a little  ferric 
chloride.  The  same  effect  will  appear  as  with  an 
acetate. 

3.  Heat  sodium  formiate  with  mercuric  chloride 
solution.  A precipitate  at  first  of  mercurous  chloride 
and  finally  of  metallic  mercury  will  appear. 

4.  Add  silver  nitrate  solution  and  heat.  Metallic 
silver  will  be  deposited  as  a black  powder  or  a mirror- 
like coating. 

5.  Heat  a formiate  with  dilute  sulphuric  acid. 
Formic  acid,  recognized  by  its  odour,  will  be  set  free. 

6.  Heat  a formiate  with  sulphuric  acid  and  alcohol. 
Formic  ether,  of  a peculiar  pleasant  odour,  will  be 
evolved. 

7.  Heat  a formiate  in  powder  with  concentrated 
sulphuric  acid : carbonic  oxyde  will  be  given  off, 
and  will  burn  with  a blue  flame.  The  mixture  will 
not  blacken. 


Gastric  juice. — 1.  Gastric  juice,  obtained  through  a 
gastric  fistula  or  by  means  of  the  stomach  pump  or 
gastric  syphon,  must  be  filtered  and  examined  as 
follows  : 

2.  Boil ; no  precipitate  will  be  formed.  Test  the 
reaction  with  litmus ; the  reaction  is  acid.  Notice 
taste,  smell,  and  appearance. 

3.  Add  alcohol  of  90%  strength,  collect  the  preci- 
pitate of  pepsine  (see  pepsine). 

4.  Distil  some  gastric  juice.  The  first  distillate  will 
be  acid,  but  mil  give  no  precipitate  with  silver  nitrate. 
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Tlie  last  portions,  however,  will  contain  1 hydrochloric 
acid. 

5.  Test  the  juice  for  lactic  acid  (see  Lactic  acid). 

6.  Evaporate  a quantity  of  the  juice  to  dryness,  and 
burn.  Examine  the  ash  for  phosphates  and  chlorides, 
and  for  potash,  soda,  lime,  magnesia,  and  iron.  More 
sodium  will  be  found  than  potassium. 

7.  Digest  pieces  of  caseine  or  coagulated  albumine  in 
gastric  juice ; they  will  dissolve.  Boil  the  solution  ; it 
will  not  coagulate.  Add  potassium  ferrocyanide,  lead 
acetate,  dilute  alcohol,  or  a mineral  acid ; no  precipi- 
tate will  appear.  Add  solution  of  tannic  acid  or 
mercuric  chloride;  a precipitate  will  be  formed. 

Gelatine , or  Osseine. — 1.  Digest  clean  bones  with 
hydrochloric  acid  mixed  with  nine  parts  of  water. 
Replace  the  acid  once  or  twice  by  fresh  more  dilute 
acid,  until  nothing  more  is  dissolved.  Wash  the 
remaining  mass  repeatedly  with  water  to  remove  acid, 
and  dry  at  a steam  heat. 

2.  Treat  with  cold  water  ; it  will  swell  up  but  not 
dissolve.  Boil,  and  a solution  will  be  formed.  Use 
the  solution  for  the  following  experiments. 

3.  Add  a solution  of  tannic  acid ; the  gelatine  will 
be  precipitated.  No  other  acid  will  precipitate  it. 

4.  Add  solutions  of  alum,  ferric  sulphate,  potassium 
ferrocyanide,  cupric  sulphate,  or  lead  acetate.  No 
precipitate  will  be  produced. 

5.  Add  mercuric  chloride  solution  in  excess.  A 
white  precipitate  will  form. 

6.  Boil  one  part  of  dry  gelatine  with  four  parts  of 
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sulphuric  acid  and  twelve  parts  of  water  for  thirty-six 
hours.  Add  excess  of  milk  of  lime  or  baryta;  boil 
and  strain.  Acidify  very  slightly  with  sulphuric  acid, 
filter,  and  evaporate  to  a low  bulk.  The  'granular 
crystals  which  form  on  standing  must  be  removed, 
boiled  with  alcohol,  filtered,  and  the  solution  evapo- 
rated to  crystallisation.  The  crystals  will  consist  of 
glykokoll  recognised  by  the  usual  tests. 

7 . Boil  gelatine  with  strong  caustic  potash  till  com- 
pletely decomposed ; neutralise  with  sulphuric  acid, 
and  evaporate  to  a low  bulk.  From  the  residue  warm 
alcohol  will  extract  leucine,  which  may  be  recognised  by 
the  usual  tests  (see  leucine). 


Globulme. — 1.  Pound  a number  of  crystalline  lenses 
with  water,  filter,  evaporate  the  filtrate  in  vacuo  over 
sulphuric  acid,  and  wash  the  product  with  ether  and 
dilute  alcohol.  Examine  as  follows  : 

2.  Treat  with  water ; it  will  dissolve.  Filter  and 
heat  the  solution.  At  73°C  it  will  become  opalescent; 
at  93°  it  will  coagulate. 

3.  Pass  through  the  aqueous  solution  a current  of 
carbonic  anhydride;  a precipitate  will  fall  soluble  in 
pure  water. 

4.  4 he  other  reactions  are  similar  to  albumine  {cj.  v.) . 

Glycerophosphoric  acid , C3H9POc.—  1.  Obtain  by 
synthesis  as  follows  : — Digest  glycerine  with  an  excess 
of  glacial  phosphoric  acid,  mix  with  water,  neutralise 
with  baryum  carbonate,  then  with  baryta  water,  filter, 
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precipitate  the  baryum  with  just  sufficient  sulphuric 
acid,  and  evaporate  the  filtrate  in  vacuo. 

2.  From  Brain.  See  Brain. 

3.  From  Lecithine.  See  Lecithine. 

4.  From  Egg-yelk.  Dry  in  a water  bath,  extract 
with  boiling  alcohol,  evaporate  to  dryness,  remove  the 
oil  by  draining  and  pressure  between  paper  at  a tem- 
perature of  80°C,  and  boil  the  viscid  residue  for 
twenty-four  hours  with  dilute  caustic  potash.  Add  to 
the  solution  acetic  acid  in  slight  excess,  and  filter ; 
precipitate  the  filtrate  with  lead  acetate,  decompose 
the  washed  precipitate  with  liydrothion,  evaporate 
cautiously,  and*  treat  with  a little  silver  oxyde  to 
remove  hydrochloric  acid,  and  the  filtrate  with  hydro- 
thion  to  remove  silver.  After  driving  off  the  hydro- 
tliion  by  evaporation  neutralise  the  liquid  with  calcium 
carbonate,  filter,  and  concentrate.  Calcium  glycero- 
phosphate will  crystallise  out,  and  may  be  purified  by 
recrystallisation.  The  acid  may  be  isolated  by  preci- 
pitation with  oxalic  acid  and  evaporation  in  vacuo. 

5.  It  is  a very  acid,  gummy,  uncry stallisable  liquid, 
very  soluble  in  water  and  alcohol.  The  somewhat 
concentrated  aqueous  solution  decomposes  by  heating 
into  phosphoric  acid  and  glycerine. 

G.  Heated  on  platinum  foil  it  burns  with  difficulty, 
leaving  a charcoal  containing  phosphoric  acid. 

7.  The  baryum  salt  is  very  soluble  in  water,  and  is 
precipitated  by  alcohol. 

8.  The  calcium  salt  crystallises  in  white  pearly 
scales,  of  the  formula  C3H7CaPOr>,  decomposes  above 
170°C.  Boiling  with  lime  water  resolves  it  into 
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calcium  phosphate,  and  glycerine.  It  is  more  soluble 
in  cold  than  in  hot  water,  and  is  precipitated  by 
alcohol. 

9.  The  lead  salt  is  insoluble  in  water  and  alcohol. 

Glykocholic  acid,  C26H4<5NOG. — 1.  Add  to  some  fresh 
ox-bile  a solution  of  neutral  lead  acetate,  filter  off  the 
precipitate,  heat  it  with  boiling  alcohol,  filter  hot,  pass 
hydrothion  into  the  filtrate  while  hot,  and  filter  off  the 
sulphide  of  lead.  Allow  the  filtrate  to  cool ; it  will 
solidify  into  a white  crystalline  mass  of  glykocholic  acid, 
which,  after  washing  with  water,  is  perfectly  pure. 

2.  Add  to  a small  granule  of  glykocholic  acid  or  of 
its  salts  a drop  of  cane  sugar  solution,  and  then  con- 
centrated sulphuric  acid  in  drops,  agitating  the  solution, 
and  preventing  overheating ; a violet  or  purple  liquid 
will  be  formed. 

3.  To  glykocholate  of  sodium  dissolved  in  absolute 
alcohol  add  ether ; a glutinous  precipitate  will  ensue, 
which  on  standing  under  the  ether  alcohol  will  trans- 
form into  crystals. 

4.  To  a glykocholate  dissolved  in  water  add  hydro- 
chloric acid  ; a glutinous  deposit  of  amorphous  glyko- 
cholic acid  will  ensue. 

5.  Boil  some  glykocholic  acid  with  excess  of  baryta 
water  ; cholate  of  baryum  will  crystallise  after  cooling, 
and  glykokoll  will  remain  in  solution  to  be  extracted  as 
stated  under  that  substance. 


Glyhogen,  0GH1()05  ( Hepatine ). — 1.  Mince  a fresh 
liver  and  boil  with  a small  quantity  of  water.  Strain 
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and  press.  Precipitate  tlie  filtrate  with  four  or  five 
times  its  volume  of  90%  alcoliol.  Yellowish  white 
flocks  will  be  precipitated.  These  are  well  washed 
with  alcohol  and  then  boiled  for  half  an  hour  or  an 
hour  with  solution  of  caustic  potash ; dilute  the 
solution  with  a small  quantity  of  water  and  add  four 
or  five  times  its  volume  of  90%  alcohol.  The  glykogen 
is  precipitated  and,  by  washing  with  alcohol  is  obtained 
tolerably  pure. 

2.  Mince  a liver  and  boil,  &c.,  as  before,  allow  the 
extract  to  cool,  and  add  glacial  acetic  acid,  when  the 
glykogen  will  be  precipitated ; filter  off  and  dry.  Gfly- 
kogen  is  a white  mealy  powder ; it  exhibits  no  definite 
structure  under  the  microscope. 

3.  It  is  soluble  in  water,  insoluble  in  alcohol. 

4.  Boil  glykogen  with  some  dilute  hydrochloric  acid, 
it  will  be  transformed  first  into  dextrine  and  finally  into 
grape  sugar.  This  transformation  can  be  detected  by 
the  reducing  action  of  sugar  on  alkaline  copper  solu- 
tion. (See  Dextrine,  &c.) 

5.  Boil  an  aqueous  solution  with  a solution  of 
caustic  potash  to  which  a drop  of  dilute  solution  of 
copper  sulphate  has  been  added.  The  copper  salt  will 
not  be  reduced. 

6.  Add  to  an  aqueous  solution  a drop  of  dilute 
tincture  of  iodine  ; a violet-red  colour  is  produced. 

GlyhoMl,  C3H5N02.  — 1.  Boil  glue  with  caustic 
potash.  Ammonia  is  evolved  in  large  quantity.  Add 
sulphuric  acid  till  the  liquid  is  neutral;  evaporate, 
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separate  the  potassium  sulphate,  which  will  crystallise 
out ; evaporate  the  clear  liquid  to  dryness.  Exhaust 
the  residue  with  hot  alcohol ; allow  to  cool ; the  gly- 
kokoll  will  crystallise  out. 

2.  Boil  kippuric  acid  for  half  an  hour  with  strong 
hydrochloric  acid,  dilute  the  liquid  with  water,  and 
allow  to  cool.  The  benzoic  acid  will  separate  in  crys- 
tals ; decant  the  clear  liquid,  treat  with  ammonia,  and 
evaporate  on  a water  bath;  wash  the  dried  residue 
with  alcohol;  the  glykokoll  is  left  in  a crystalline 
powder. 

3.  Glykokoll  crystallises  in  hard  granular  crystals ; 
it  has  a sweet  taste. 

4.  It  dissolves  with  difficulty  in  water ; it  is  inso- 
luble in  absolute  alcohol. 

5.  Pass  nitrous  acid  into  a solution  of  glykokoll. 
The  whole  of  the  nitrogen  is  evolved,  and  glykollic 
acid  (CoH403)  is  formed  soluble  in  ether.  Shake  the 
liquid  with  some  ether ; allow  to  stand  ; draw  off  the 
ethereal  layer  with  a syphon;  evaporate,  when  the 
crystallised  glykollic  acid  is  left. 

6.  Boil  an  aqueous  solution  of  glykokoll  with  copper 
oxyde ; a copper  salt  is  obtained,  which  crystallises  out 
in  blue  crystals,  turning  green  when  dried  at  100°C. 

GlyJcose  or  Glucose,  C13H24,013.— 1.  Boil  twenty 
grammes  of  starch  with  eighty  c.c.  of  water,  add  one  to 
two  grammes  of  concentrated  sulphuric  acid,  and  boil  for 
twenty-four  hours,  adding  water  as  the  solution  eva- 
porates. Add  calcium  carbonate  to  neutralise  the  free 
acid,  allow  to  stand,  decant,  and  evaporate  the 
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decanted  liquor  to  a thin  syrup,  from  which  in  a few 
weeks  the  glucose  will  crystallise  out. 

2.  Heat  some  glucose  with  a solution  of  bichromate 
of  potash  and  sulphuric  acid  in  a test  tube  furnished 
with  a cork  and  delivery  tube ; pass  the  evolved 
vapours  into  a solution  of  nitrate  of  silver ; formic 
acid  will  be  evolved,  which  will  reduce  and  blacken  the 
silver  solution. 

3.  Add  some  cold  concentrated  sulphuric  acid  to 
o-lucose ; the  latter  will  dissolve  without  blackening  ; 
cane  sugar  blackens. 

4.  Dissolve  some  glucose  in  water,  add  caustic 
potash  solution,  and  a drop  or  two  of  very  dilute 
copper  sulphate  solution;  after  long  standing  in  the 
cold,  or  immediately  on  boiling,  the  copper  salt  will  be 
reduced,  and  a bright  red  precipitate  of  copper  sub- 
oxyde  falls. 

5.  Add  a solution  of  glucose  to  a solution  of  silver 
nitrate  and  heat  gently  ; the  silver  salt  is  reduced,  and 
metallic  silver  is  deposited  either  as  a black  powder  or 

as  a mirror-like  coating. 

6.  Dissolve  two  parts  of  ferricyanide  of  potassium 
and  one  part  of  hydrate  of  potassium  in  water,  warm, 
and  add  aqueous  solution  of  glucose.  The  solution 
will  be  decolorised.  Neither  cane  sugar  nor  dextrine 
give  this  reaction. 

7.  To  an  aqueous  solution  of  glucose  add  a concen- 
trated solution  of  common  salt,  and  allow  to  stand  ; 
crystals  of  chloride  of  sodium  and  glucose  separate. 
These  crystals  will  be  formed  if  diabetic  urine  be 
evaporated  and  allowed  to  stand. 
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8.  Diabetic  sugar  is  identical  with  dextro -glucose 
above  described. 

Guanine , C5H5N50. — 1.  Boil  500  grm.  of  Peruvian 
guano  with  milk  of  lime  till  the  liquid  has  turned  from 
brown  to  greenish  yellow,  filter,  neutralise  with  hydro- 
chloric acid,  and  allow  to  stand  some  hours.  Wash 
the  deposit,  treat  with  boiling  hydrochloric  acid,  decant 
the  clear  liquid  from  the  undissolved  uric  acid,  set 
aside  to  crystallise,  and  purify  the  crystals  by  re- 
crystallising from  HC1.  Finally  precipitate  by  ammonia, 
wash  with  water  and  dry. 

2.  Pure  guanine  is  a white,  neutral  amorphous 
powder,  insoluble  in  water,  soluble  in  strong  acids  and 
alkalies.  The  hydrochlorate  crystallises  in  thin,  light 
yellow  needles,  which  lose  water  at  100°C.,  and  acid  at 
200°  C. 

3.  Dissolve  a little  guanine  in  hot  nitric  acid.  On 
cooling,  long,  very  fine,  interlaced  crystals  of  nitrate 
will  form. 

4.  Treat  solution  of  guanine  hydrochlorate  with 
ammonia  oxalate.  Crystals  of  guanine  oxalate  will  be 
produced. 

5.  Mix  hot  saturated  solution  of  guanine  in  HC1 
with  excess  of  hot  concentrated  PtCl4,  evaporate  to 
one  half  and  allow  to  cool.  Wash  with  alcohol  and 
ether  the  yellow  needles  formed,  and  dry  in  vacuo  over 
sulphuric  acid.  Weigh  a small  portion,  ignite  in  a 
weighed  crucible,  and  weigh  the  residue  of  spongy 
platinum.  The  salt  should  contain  35’17  of  platinum. 
Formula  C5H5N50,  HCl+PtCl*+ 2HsO. 
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Ilair. — 1.  Notice  structure  under  microscope. 

2.  Digest  with  concentrated  warm  hydrochloric 
acid  ; it  will  very  slowly  dissolve  to  a violet  solution. 

8.  Heat  with  nitric  acid,  it  will  turn  yellow  and  in 
great  part  dissolve. 

4.  Boil  with  strong  caustic  potash,  it  will  dissolve. 
Add  to  the  solution  potash-lead  acetate,  a black  pre- 
cipitate of  sulphide  will  ensue,  proving  the  presence  of 
sulphur. 

5.  Heat  on  platinum  foil ; it  will  burn  with  an  odour 
of  horn  and  leave  a swollen  charcoal,  and  finally  about 
1%  of  ash  containing  iron. 

6.  Chemolyse  by  means  of  sulphuric  acid.  Leucme, 
tyrosine,  &c.,  will  be  obtained. 

Hematine. — 1.  Dilute  one  volume  of  satui  ated  sodium 
chloride  solution  with  fifteen  volumes  of  water.  Add 
one  volume  of  blood,  freed  from  fibrine  by  beating  and 
filtered  through  a cloth.  Mix  well  and  allow  to  stand 
in  ice  and  water  till  the  corpuscles  have  settled. 
Decant  the  liquid  and  wash  them  with  the  same  quan- 
tity of  sodium  chloride  as  before.  Repeat  this  opera- 
tion a third  and  fourth  time.  Shake  the  corpuscles 
with  water  and  ether,  separate  off  the  ether,  and  to 
the  red  watery  solution  add  basic  lead  acetate  solution 
in  slight  excess,  filter  off  the  precipitate,  and  remove 
excess  of  lead  by  a little  potassium  carbonate.  To  the 
filtrate  add  potassium  carbonate  in  powder  till  the 
colouring  matter  separates,  filter  oft  the  flakes,  press 
them  strongly,  break  the  mass,  and  exhaust  with  strong 
alcohol.  To  the  extract  add  alcoholic  solution  oi  tar- 
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taric  acid  to  a slightly  acid  reaction,  filter,  and 
evaporate  at  GO0  C.  to  one  tenth  of  its  bulk.  On 
standing  minute  crystals  of  hematine  are  deposited,  and 
may  be  purified  by  washing  successively  with  ether 
and  cold  water. 

2.  Examine  the  hematine  under  the  microscope,  it 
will  be  found  to  consist  of  rhombic  crystals. 

3.  Hematine  is  insoluble  in  water,  alcohol  and  ether 
when  neutral,  but  soluble  in  water  containing  caustic 
alkali,  or  in  acid  or  alkaline  alcohol. 

4.  Dissolve  some  hematine  in  alcohol  and  a little 
sulphuric  acid.  The  spectrum  will  show  four,  under 


Spectrum  of  four-handed  hematme. 


Spectrum  of  five-banded  hematine. 


certain  circumstances  five,  bands.  Render  the  solution 
alkaline  by  caustic  potash.  The  spectrum  will  show 
only  one  broad  band.  Acid  will  restore  the  spectrum. 
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A a B C D E b E G HH' 


Spectrum  of  pure  alkaline  liematine. 


5.  Dissolve  liematine  in  water  with  a little  caustic 
potash.  To  a solution  of  ferrous  sulphate  add  tartaric 
acid  and  then  ammonia  till  alkaline.  Pour  a little  of 
the  clear  mixture  into  the  liematine  solution,  and 
examine  the  spectrum.  It  will  show  two  bands. 
Shaking  with  air  will  restore  the  former  spectrum. 


A a BCD  E b F G HH' 


Spectrum  of  reduced  liematine. 


Hippuric  Acid , C9H9N03. — 1.  Evaporate  the  fresh 
urine  of  horses  or  cows  which  have  been  kept  in  the 
stable  for  a day  or  two  previous  to  ^ or  ^ of  its 
original  volume,  and  add  an  excess  of  hydrochloric 
acid.  After  standing  the  hippuric  acid  is  thrown 
down  as  a yellowish -brown  precipitate. 

2.  Filter  or  decant  the  liquid  and  purify  the  crude 
hippuric  acid  as  follows : — Boil  with  milk  of  lime  and 
filter;  precipitate  the  filtrate  with  sodium  carbonate, 
boil,  filter,  add  solution  of  chloride  of  lime,  filter, 
add  an  excess  of  hydrochloric  acid.  The  hippuric  acid 
will  finally  be  precipitated  in  a colourless  condition. 
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3.  Prepare  from  urine  thus  : — Evaporate  it  to  a 

syrup,  add  some  hydrochloric  acid,  and  shake  in  a 
stoppered  bottle  with  its  own  volume  of  ether ; allow 
to  stand  one  hour,  then  add  its  volume  of 

alcohol ; allow  to  stand  a short  time  ; remove  the  upper 
ethereal  layer  with  a syphon.  Shake  this  ethereal 
extract  with  a small  quantity  of  water ; allow  to  stand ; 
remove  the  ethereal  layer  as  before  and  evaporate. 
The  hippuric  acid  will  be  obtained  in  crystals  usually 
of  a yellowish-brown  colour.  This  colour  can  be  re- 
moved by  treatment  with  animal  charcoal. 

4.  Recrystallise  the  acid  from  boiling  water,  in  which 
it  is  easily  soluble.  Observe  its  slight  solubility  in  cold 
water,  and  easy  solubility  in  alcohol. 

5.  Melt  it  in  a glass  tube  and  let  it  consohdate  by 
cooling.  Then  heat  again  to  fusion  and  dry  distillation . 
Observe  the  irritating  vapours  of  benzoic  acid,  and  a 
sublimate  of  the  same,  and  a charcoal  left  in  the  bottom 
of  the  tube. 

6.  Boil  hippuric  acid  for  half  an  hour  with  hydro- 
chloric acid.  It  will  be  split  up  into  glykokoll  and 
benzoic  acid.  Separate  both  as  described  under 
glykokoll. 

7.  To  a solution  of  neutral  hippurate  add  solution  of 
ferric  chloride.  A cinnamon-coloured  precipitate  of 
ferric  hippurate  will  be  formed. 

Eypoxanthine  or  Sarkine,  C5H,,N40.— 1.  The  mother 
liquor  of  xanthine  hydrochlorate,  obtained  as  under 
Xanthine,  is  evaporated,  and  another  crop  of  crystals 
removed  (sarkine  salt  containing  xanthine).  The 
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mother  liquor  of  this  will,  on  further  evaporation, 
yield  nearly  pure  sarkine  salt.  Purify  by  recrystallisa- 
tion, dissolve  in  hot  caustic  potash,  add  ammonium 
chloride,  filter  if  necessary,  pass  carbonic  acid  in  excess 
through  the  solution,  collect,  and  wash  the  precipitate 
of  sarkine. 

2.  Its  reactions  are  those  of  xanthine,  except  its 
greater  solubility  in  hydrochloric  acid,  and  the  fol- 
lowing : 

3.  To  a dilute  solution  of  hypoxan thine  in  nitric 
acid  add  silver  nitrate ; a copious  white  precipitate 
will  be  produced  (see  Xanthine  5) . 

Inosic  acid , C6H8N206. — 1.  Take  the  mother  liquor 
obtained  in  the  preparation  of  kreatine  (see  Kreatine) 
from  flesh.  Concentrate  and  mix  with  alcohol  till  it 
has  a milky  consistence,  allow  to  stand  and  crystallise. 
Pour  off  the  liquid,  dissolve  the  crystals  in  hot  water, 
add  a solution  of  baryum  chloride  ; crystals  of  baryum 
inosate  are  deposited  on  cooling.  Separate  these 
crystals,  dissolve  in  a little  boiling  water,  and  add 
sulphuric  acid  as  long  as  a precipitate  falls ; allow  to 
stand,  decant,  and  evaporate  the  clear  liquid,  when 
inosic  acid  will  be  left  as  an  uncrystallisable,  syrupy 
mass. 

2.  Inosic  acid  is  easily  soluble  in  water ; alcohol 
precipitates  it  from  aqueous  solution ; it  is  insoluble 
in  ether. 

3.  Add  to  an  aqueous  solution  of  inosic  acid  a solu- 
tion of  copper  sulphate ; a bluish-green  precipitate  falls 
soluble  in  ammonia. 
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4.  Heat  a portion  of  inosic  acid,  or  an  inosate  on 
platinum  foil ; it  will  decompose,  giving-  off  the  odour 
of  roast  meat. 


Inosite , C6H12O0. — 1.  Mince  the  muscular  portion  of 
the  heart ; add  water,  allow  to  stand  for  some  time, 
frequently  stirring  the  mass.  Separate  the  residue  and 
press.  Boil  the  filtrate  with  a little  acetic  acid,  evapo- 
rate to  one  tenth  of  its  bulk,  precipitate  with  a solution 
of  neutral  lead  acetate,  and  filter.  Mix  the  filtrate 
with  basic  lead  acetate  : a precipitate  falls  of  impure 
inosite.  Wash  the  precipitate,  and  decompose  by 
passing  sulphuretted  hydrogen ; filter  off  the  precipi- 
tated lead  sulphide.  Evaporate  the  filtrate  to  a low 
bulk;  separate  any  crystals  which  may  be  formed,  and 
mix  the  clear  liquid  with  alcohol  until  a turbidity  is 
produced  : crystals  of  inosite  will  be  deposited. 

2.  Inosite  dissolves  in  water ; it  is  insoluble  in 
absolute  alcohol  and  ether ; it  has  a sweet  taste. 

3.  Heat  inosite  on  some  platinum  foil;  it  melts, 
swells  up,  evolving  gas  which  burns  with  a pale  blue 
flame  ; it  then  chars  and  burns  with  a luminous  flame. 

4.  Evaporate  a solution  of  inosite  in  dilute  nitric 
acid  nearly  to  dryness.  Moisten  the  residue  with 
ammonia  and  a little  calcium  chloride  solution ; evapo- 
rate, when  a rosy-red  substance  will  be  left. 

5.  Boil  an  aqueous  solution  of  inosite  with  potash 
containing  a drop  of  dilute  copper  sulphate  ; the  copper 
salt  is  not  reduced. 

0.  Inosite  is  not  altered  by  boiling  with  dilute  acids 
or  alkalies. 
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Kreatine , C4H9N303. — 1.  Take  finely-chopped  meat 
free  from  fat,  or  chopped  cod-flesh ; mix  well  with  an 
equal  weight  of  water,  squeeze  in  a bag  of  strong  linen. 
Boil  the  extract,  filter  off:  the  coagulated  albumen  and 
myochrome ; treat  the  filtrate  with  baryta  water  until 
it  has  a strongly  alkaline  reaction ; filter,  evaporate  on 
the  water-bath  to  a syrup,  allow  to  stand  in  a warm 
place.  The  liquid  will  spontaneously  evaporate  and 
deposit  crystals  of  kreatine,  which  can  be  purified  by 
boiling  with  animal  charcoal  and  by  recrystallisa- 
tion. 

2.  Observe  the  insolubility  of  kreatine  in  cold  alcohol, 
and  its  slight  solubility  in  cold  water. 

3.  Boil  some  kreatine  with  a large  excess  of  baryum 
hydrate  ; it  is  decomposed,  and  ammonia  is  evolved, 
the  vapour  turning  red  litmus  paper  blue.  This  is  due 
to  the  formation  and  decomposition  of  urea  on  the  one, 
and  the  formation  of  alanine  on  the  other  hand  ; both 
substances  can  be  obtained  from  the  fluid. 

4.  Dissolve  some  kreatine  in  some  hydrochloric, 
sulphuric,  or  nitric  acid ; evaporate  at  a gentle  heat ; 
crystals  are  deposited  which  are  soluble  in  alcohol,  and 
consist  of  a compound  of  the  acid  employed  with 
kreatinine. 

5.  Dry  crystallised  kreatine  in  a current  of  hot  air, 
and  observe  that  it  loses  water  of  crystallisation. 

Kreatinine,  C4H7N30. — 1.  Take  fresh  human  urine, 
not  less  than  four  litres,  neutralise  it  with  milk  of  lime 
or  hot  saturated  baryta  water ; add  a solution  of 
calcium  chloride  as  long  as  a precipitate  falls.  Filter 
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and  evaporate  to  a syrup,  allow  to  stand,  separate  the 
deposited  crystals,  and  add  to  the  syrup  one  twenty- 
fourth  of  its  weight  of  a neutral  syrupy  solution  of 
zinc  chloride.  Allow  to  stand  three  or  four  days ; the 
double  chloride  of  zinc  and  kreatinine  is  deposited  in 
crystalline,  warty  masses.  Wash  this  deposit  with 
water. 

2.  Dissolve  it  in  boiling*  water ; add  hydrated  oxyde 
of  lead  until  the  fluid  has  an  alkaline  reaction.  Now 
add  three  times  as  much  oxyde  of  lead  as  has  been 
already  used,  and  boil  the  whole  for  some  time ; filter. 
Boil  the  filtrate  with  some  good  animal  charcoal,  filter, 
evaporate  the  filtrate  to  dryness  ; a crystalline  residue 
will  be  left.  Boil  the  crystals  with  eight  to  ten  times 
their  weight  of  alcohol,  allow  to  cool,  decant  the  clear 
liquid  from  any  crystals  of  lereatine  which  may  be  de- 
posited, and  evaporate  it,  when  crystals  of  kreatinine 
will  be  deposited. 

3.  Treat  fresh  urine  with  neutral  lead  acetate  as  Iona* 

O 

as  a precipitate  is  produced  ; evaporate  the  filtrate  to 
one  quarter  of  its  bulk,  and  treat  with  hydrothion  to 
remove  excess  of  lead.  Expel  hydrothion  by  boiling, 
and  add  corrosive  sublimate  to  the  liquid.  A white 
precipitate  of  kreatinine  mercuric  chloride  will  fall. 
Filter,  wash,  and  decompose  with  hydrothion ; evapo- 
rate filtrate  to  crystallisation,  when  kreatinine  hydro- 
chlorate will  be  obtained. 

4.  Place  a crystal  of  kreatinine  on  a slip  of  moist 
turmeric  paper ; it  will  produce  a brown  spot ; it  has, 
therefore,  an  alkaline  reaction. 

5.  Add  to  a solution  of  corrosive  sublimate  a solution 
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of  kreatinine ; it  will  produce  a white  curdy  precipitate, 
which  is  soon  transformed  into  needles. 

6.  Add  to  an  aqueous  neutral  solution  of  zinc 
chloride  some  kreatinine  solution ; a crystalline  preci- 
pitate is  immediately  produced  in  the  form  of  warty 
grains.  2(C4H7N30)Zn012. 

Kryptoplianic  acid,  C5H9N05,  or  C10H18N2O10. — 1. 
Evaporate  fresh  urine  to  one  third  ; mix  with  excess 
of  milk  of  lime  or  baryta,  allow  to  stand  a few  hours 
and  filter : acidify  the  filtrate  with  acetic  acid, 

evaporate  to  a syrup,  and  set  aside  to  crystallise. 
Separate  the  crystals  by  draining  and  pressure  from 
the  mother  liquor,  add  to  the  latter  five  times  its 
volume  of  alcohol  of  90%,  shake  well,  allow  to  stand 
for  five  minutes,  pour  off  the  liquid  and  wash  the 
precipitate  with  a little  more  alcohol.  Warm  the 
sticky  deposit  to  drive  off  the  adhering  alcohol,  dis- 
solve in  a small  quantity  of  water  and  filter.  To  the 
filtrate  add  twice  its  bulk  of  saturated  solution  of  lead 
acetate,  filter  from  the  dark  brown  precipitate,  mix  the 
filtrate  with  three  volumes  of  90  % alcohol,  wash  with 
alcohol  the  nearly  white  precipitate  of  lead  Icrypto- 
phanate , lastly  wash  with  a little  absolute  alcohol,  dry 
at  100°  C.,  and  weigh. 

2.  Mix  with  water  to  a thin  cream,  and  for  every 
100  parts  of  the  dry  salt  add  an  equal  weight  of  sul- 
phuric acid  containing  25%  of  H2S04.  After  standing 
for  some  time,  with  frequent  agitation,  filter  and  test  a 
portion  of  the  filtrate  for  sulphuric  acid ; if  any  be 
present  precipitate  it  out  exactly  with  baryta  water, 
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adding  no  excess,  and  filter.  Evaporate  the  filtrate  to 
a thick  syrup,  precipitate  with  90%  alcohol,  wash  the 
precipitate  with  a little  more  alcohol,  and  dry  the 
pure  kryptophanic  acid  at  a very  gentle  heat,  or  in 
vacuo. 

3.  The  acid  is  very  soluble  in  water,  nearly  in- 
soluble in  alcohol,  insoluble  in  ether. 

4.  Dissolve  a portion  in  water  : the  solution  has  a 
pleasant  acid  taste.  Use  it  for  the  following  experi- 
ments. 

5.  Add  a little  saturated  lead  acetate  solution : a 
white  precipitate  will  fall,  redissolved  by  excess,  and 
again  precipitate  by  alcohol. 

6.  Add  copper  acetate : a green  precipitate  will 
form,  behaving  like  the  lead  compound. 

7.  Dry  a portion  of  the  green  precipitate  at  100°  C., 
and  distil  with  a small  quantity  of  water.  The  sub- 
stance will  turn  dark  green,  and  alcohol  will  be  found 
in  the  distillate,  proved  by  a diminished  sp.  gr.  and 
by  its  reducing  a drop  of  potassium  bichromate  and 
sulphuric  acid. 

8.  Add  copper  sulphate  in  excess,  then  excess  of 
caustic  potash  : if  on  long  boiling  the  copper  is  reduced, 
the  acid  is  yet  impure ; the  pure  acid  does  not  reduce 
copper  solution. 

9.  Add  mercuric  nitrate,  or  acetate,  or  silver 
nitrate.  A white  precipitate  will  fall,  soluble  in  nitric 
acid. 

10.  Add  ammonio-nitrate  of  silver  : the  solution  will 
become  dark  and  will  gradually  deposit  black  metallic 
silver. 
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11.  Heat  a kryptophanate  in  tlie  solid  state  on 
platinum  foil : acid  vapours  are  perceived  but  no 
urinary  smell,  and  a residue  of  difficultly  combustible 
charcoal  remains. 

12.  Add  baryum  or  calcium  chloride  : no  precipitate. 
Add  ferric  chloride : a brown  precipitate  will  fall, 
soluble  in  excess  or  in  ammonia,  deposited  again  on 
boiling. 


Lactic  acid,  C:JH(10,  (from  milk). — 1.  Take  300 
grammes  of  sugar,  3 grammes  of  tartaric  acid,  400 
grammes  of  sour  milk,  25  grammes  of  old  cheese,  and 
150  grammes  of  precipitated  chalk,  and  1250  cc.  of 
water  ; allow  to  stand  in  a moderately  warm  place,  about 
36°  C.,  from  ten  to  twelve  days.  Boil  the  semisolid 
mass  of  calcium  lactate  thus  produced  with  a litre  of 
water  and  3 grammes  of  unslaked  lime ; filter  while  hot 
and  gently  evaporate  the  filtrate.  Calcium  tartrate  is 
gradually  deposited  in  granules.  Collect  the  crystals 
and  press  between  filter  paper.  Dissolve  the  crystals 
in  twice  their  weight  of  water,  add  part  of  sul- 
phuric acid  and  filter  while  hot ; add  to  the  filtrate 
of  zinc  carbonate,  boil  for  a quarter  of  an  hour,  separate 
the  crystalline  zinc  salt,  dissolve  in  seven  to  eight  times 
their  weight  of  boiling  water,  pass  in  sulphuretted 
hydrogen,  filter  and  evaporate  to  a syrupy  condition. 

2.  Boil  some  lactic  acid  with  nitric  acid ; the  lactic 
will  be  converted  into  oxalic  acid : neutralise  the 
liquid  with  ammonia,  add  acetic  acid  and  a little 
calcium  chloride  solution  ; calcium  oxalate  will  be 
precipitated. 
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3.  Lactic  acid  forms  numerous  crystalline  salts 
which  are  mostly  hut  sparingly  soluble  in  water ; they 
are  prejiared  by  boiling  the  acid  with  a carbonate. 

4.  E.g.  Boil  lactic  acid  with  zinc  carbonate,  filter 
hot ; the  solution  will  on  cooling  deposit  crystals  of 
zinc  lactate. 

5.  Similarly  boil  lactic  acid  with  calcium  carbonate, 
when  calcium  lactate  will  be  formed. 

6.  Heat  the  syrupy  acid : it  will  give  off  water,  and 
be  converted  into  the  anhydride,  which  fuses  below 
100°  C. ; when  further  heated  to  200°  C.  it  is  converted 
into  lactide , which  sublimates  in  white  crystalline 
plates. 


Lecithine , C42H84NP09. — 1.  Preparation  of  Lecithine 
(, from  egg-yelk).  Extract  the  yelk  with  a mixture  of 
ether  and  alcohol,  distil  off  part  of  the  ether  from  the 
extract,  add  alcohol  as  long  as  turbidity  ensues  from 
the  separation  of  a fatty  oil,  and  mix  the  clear  yellow 
solution  with  platinic  chloride  acidified  with  hydro- 
chloric acid.  A copious  yellow  flocculent  precipitate 
of  a double  salt  will  be  formed,  differing  greatly  from 
clioline-platinic  chloride,  insoluble  in  water,  easily 
soluble  in  ether,  carbon  disulphide,  chloroform,  and 
benzol,  precipitated  from  these  solutions  by  alcohol  in 
yellow  flakes  agglutinating  on  agitation.  To  free  it 
from  fat,  it  must  be  dissolved  five  or  six  times  in  ether 
and  precipitated  each  time  by  alcohol.  In  vacuo  over 
sulphuric  acid  it  dries  without  losing  its  solubility  in 
ether,  but  at  100°  C.  it  blackens,  melts,  and  loses 
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weight,  as  much  as  5%  in  two  hours.  Its  formula  is 
(C4.oH83NP08C1)  PtCl4. 

2.  Cadmium  chloride  may  be  used  instead  of  platiuic 
chloride.  The  yellow  flaky  precipitate  may  then  be 
washed  with  alcohol  and  ether  (in  which  it  is  little 
soluble),  and  can  be  more  easily  freed  from  fat  than  the 
platinic  chloride  compound.  It  is  soluble  in  alcohol, 
containing  hydrochloric  acid. 

3.  From  these  compounds,  after  removing  the 
metals  by  hydrothion,  lecithine  hydrochlorate  is 
obtained  on  evaporation  as  a waxy  mass.  The 
chlorine  having  been  removed  by  silver  oxyde,  and  the 
silver  by  hydrothion,  a homogeneous  translucent 
residue  of  free  lecithine  remains. 

4.  From  brain,  Sfc.,  it  may  be  extracted  by  the 
process  given  under  Cerebric  acid  and  Brain  (q.v\),  and 
purified  by  the  methods  described  above. 

5.  Lecithine  and  its  compounds  are  very  easilv 
decomposed.  The  ethereal  solution  of  the  double 
platinum  salt  forms  on  standing  a light  yellow  deposit 
of  choline-platinic  chloride.  The  alcoholic  solution  of 
lecithine  hydrochlorate  gives,  on  long  standing,  oily 
drops,  free  from  nitrogen  and  phosphorus,  and  forming 
a soap  with  alkalies.  Free  lecithine  also  decomposes, 
slowly  in  the  cold,  rapidly  on  warming.  Boiling  with 
water  does  not  decompose  it  (Gobley),  but  addition  of 
dilute  mineral  acids  or  alkalies  causes  decomposition, 
with  separation  of  oleic,  margaric,  and  glycerophosphoric 
acid. 

6.  When  lecithine  hydrochlorate  is  poured  into 
boiling  baryta  water,  a smeary  baryum  salt  separates, 
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while  the  filtrate  contains  choline  and  a part  of  the 
glycerophosphoric  acid.  Remove  free  baryta  by 
carbonic  anhydride,  and  extract  the  residue  with 
alcohol : choline  hydrochlorate  dissolves,  and  may  be 
precipitated  by  platinic  chloride,  and  the  yellow  flaky 
precipitate  washed  with  alcohol.  By  crystallisation 
from  water  it  is  obtained  in  yellow  prisms  or  tables, 
closely  resembling  the  choline-platinic  chloride  prepared 
from  bile.  On  evaporation  the  watery  solution  gives 
the  same  crystals  down  to  the  last  drop.  It  contains 
31-08%  of  platinum,  pointing  to  the  formula  2 (C5Hh, 
NOC1)  PtCl4,,  which  is  the  same  as  that  of  the  com- 
pound from  bile. 

/ . To  establish  the  presence  of  glycerophosphoric 
acid,  the  residue  insoluble  in  alcohol  is  redissolved  in 
water,  freed  from  baryum  by  sulphuric  acid,  saturated 
Tvith  calcium  carbonate,  the  sulphuric  acid  exactly 
precipitated  by  baryum  chloride,  and  the  filtrate 
e\  apoi  ated  down ; the  crystalline  calcium  glycero- 
phosphate which  separates,  after  washing  with  alcohol 
and  drying  at  100°,  gives  results  corresponding  with 
the  formula  C3H7CaPO0. 

8.  The  baryum  salt,  insoluble  in  water,  is  decom- 
posed by  boiling  with  hydrochloric  acid,  when  a fluid 
stratum,  nearly  solid  on  cooling,  separates,  and  may 
be  washed  with  water.  The  liquid  contains  much 
baryum  chloride,  also  glycerophosphoric  acid,  partly 
decomposed  into  phosphoric  acid  and  glycerine  durum 
the  boiling. 

0.  The  fatty  acids  dissolve  in  ammonia  and  are 
precipitated  as  lead  salts  by  lead  acetate.  From  the 


142 


LEUCIO  ACID. 


precipitate  ether  extracts  a considerable  quantity  of 
lead  oleate.  The  oleic  acid  is  purified  by  crystallising 
the  baryum  salt  from  boiling  alcohol  ; and  decom- 
posing the  pure  salt  by  hydrochloric  acid. 

10.  The  lead  salts,  insoluble  in  ether,  are  decomposed 
with  hydrochloric  acid  and  the  free  acids  crystallised 
from  alcohol.  They  are  finally  obtained  in  white 
glistening  plates,  melting  at  56' 7°  C.,  corresponding  in 
composition  with  margaric  acid , but  containing  pro- 
bably a little  stearic , though  Heintz’s  process  of  frac- 
tional precipitation  with  magnesium  acetate  fails  to 
effect  a separation. 

11.  Add  alcoholic  potash  to  an  ether-alcohol  solu- 
tion of  lecithine,  and  observe  the  precipitation  of  a 
crystalline  potassium  salt.  Hence  lecithine,  like  glyko- 
koll,  is  at  once  acid  and  base ; it  is  also,  moreover,  a 
fat. 

Leucic  acid,  C6H1303. — 1.  Pass  nitrous  acid  gas 
through  a warm  aqueous  solution  of  leucine,  add  a 
small  quantity  of  leucine,  evaporate  to  a syrup.  Ex- 
tract the  syrupy  residue  with  ether.  Evaporate  the 
ethereal  solution,  when  the  leucic  acid  will  crystallise 
out.  Press  the  crystals  between  blotting  paper,  when 
nearly  pure  leucic  acid  is  obtained. 

2.  Leucic  acid  is  soluble  in  water,  alcohol,  and 
ether.  It  crystallises  in  colourless  needles.  Heat  a 
portion  of  leucic  acid  on  a watch  glass  placed  on  a 
water  bath ; the  acid  will  melt  and  volatilise,  the  sides 
of  the  glass  becoming  fringed  with  crystals  of  the 
sublimed  acid. 
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3.  Add  to  a solution  of  leucic  acid  a solution  of 
copper  acetate  ; green  flocks  of  copper  leucate  will  lie 
precipitated,  sparingly  soluble  in  water,  easily  soluble 
in  boiling  alcohol. 

4.  Add  to  a concentrated  solution  of  leucic  acid  a 
solution  of  lead  acetate ; a white  flaky  precipitate  of 
lead  leucate  falls.  Boil : part  of  the  precipitate  dis- 
solves, the  rest  melts  into  a white  mass,  which 
becomes  hard  and  brittle  on  cooling-. 

Leucine , G6H13N02. — 1.  Boil  one  part  of  cowhorn 
shavings  with  four  parts  of  concentrated  sulphuric 
acid  and  twelve  parts  of  water  for  six  hours,  re- 
newing the  water  as  it  evaporates.  Add  an  excess 
of  milk  of  lime,  boil  for  some  hours,  strain,  and 
pi  ess.  Mix  the  filtrate  with  a very  slight  excess  of 
sulphuric  acid,  and  evaporate  the  filtrate.  Spherical 
crystalline  tufts  of  tyrosine  will  be  first  deposited. 
Separate  these,  and  continue  the  evaporation,  when 
leucine  will  be  deposited  in  scales. 

2.  Collect  these  scaly  masses  of  impure  leucine, 
press  them  between  filter  paper.  Triturate  them  in  a 
mortar  with  slightly  warm  concentrated  nitric  acid 
until  dissolved ; dilute  the  solution  with  water,  and  add 
to  it  solution  of  mercuric  nitrate  as  long  as  a precipi- 
tate falls ; filter,  treat  filtrate  with  sulphuretted  hy- 
drogen; filter,  neutralise  the  filtrate  with  ammonia, 
and  evaporate  till  the  leucine  begins  to  crystallise  out ; 
allow  to  cool,  when  nearly  pure  leucine  will  be  depo- 
sited. 

3.  To  obtain  it  perfectly  pure  dissolve  in  boiling- 
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water,  treat  with  pure  and  good  animal  charcoal,  filter, 
and  evaporate  filtrate  till  a pellicle  begins  to  form, 
then  pour  the  boiling  hot  solution  into  three  or  four 
times  its  volume  of  absolute  alcohol.  Allow  to  stand, 
collect  on  a filter,  and  press  between  filter  paper ; 
perfectly  white  leucine  is  thus  obtained. 

4.  Leucine  is  sparingly  soluble  in  cold,  but  mode- 
rately soluble  in  hot  water,  almost  insoluble  in  alcohol ; 
it  dissolves  in  acids  and  alkalies. 

5.  Heat  gently  a portion  of  leucine  in  a wide  test 
tube,  it  will  sublime  in  snow-white  flocks.  Heat  some 
leucine  on  a piece  of  platinum,  it  will  take  fire  and 
burn  with  a white  flame. 

6.  Heat  some  leucine  mixed  with  soda  lime ; a 
strong  smell  of  ammonia  is  evolved,  proving  the  pre- 
sence of  nitrogen. 

7 . Dissolve  leucine  in  water,  pass  nitrous  acid  gas ; 
leucic  acid  is  formed. 

8.  Add  to  a solution  of  leucine  a concentrated  solu- 
tion of  sulphate  of  copper  gradually  until  an  excess  of 
copper  is  present ; the  fluid  takes  a deep  blue  colour. 
Treat  the  deep  blue  solution  with  an  excess  of  baryum 
carbonate,  and  filter ; on  evaporation  the  compound  of 
copper  and  leucine  is  deposited  in  blue  crystalline 
granules. 


Luteine. — I.  From  corpora  lutea  of  Mammals. 

1.  Dissect  out  the  corpora  lutea  from  the  ovaries 
(of  cows),  pound  the  corpora,  warm,  and  press 
out  the  juice. 
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2.  Reactions  of  the  juice. 

a.  Add  nitric  acid ; a precipitate,  pink  at  first, 
afterwards  greenish-yellow,  appears. 

h.  Add  sulphuric  acid;  a precipitate  will  be 
formed,  which  will  redissolve  and  turn  red- 
dish-brown. 

c.  Add  sulphuric  acid  and  a little  sugar ; a 
fine  purple  colour  will  be  produced,  showing 
in  the  spectroscope  one  band  in  green. 


A a B C D EbF  G HH' 


spectrum  of  juice  of  corpora  lutea  treated  with  sulphuric  acid. 


d Add  hydrochloric  acid  ; no  reaction. 

3.  Reactions  of  Alcoholic  Extract. 

a.  Dry  the  solid  residue  of  the  corpora,  extract  two 
or  three  times  with  boiling  alcohol  of  85%,  filter 
hot,  allow  the  mixed  extracts  to  stand  in  the 
dark  till  clear,  decant  the  liquid,  and  examine 
as  follows  : 

b.  Add  water;  a turbidity  will  be  produced, 
not  removable  by  heating. 

c.  Add  potash  solution  ; a yellow  precipitate 
will  gradually  deposit. 

d.  Add  mercuric  chloride,  auric  chloride,  or  pla- 
tinic  chloride  ; no  reduction  will  take  place. 

e.  Add  mercuric  nitrate  ; a copious  yellow  pre- 
cipitate will  fall,  becoming  white  on  heating. 

10 
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/.  Add  mercuric  acetate  ; a yellow  precipitate 
will  fall,  leaving  the  liquid  colourless. 

g.  Add  copper  acetate  ; green  precipitate. 

h.  Add  lead  or  zinc  acetate  ; on  standing  all  the 
yellow  matter  will  go  down  as  an  oily  layer. 

i.  Examine  with  spectroscope  with  lime  light. 
Two  bands  in  blue  and  a third  feeble  one  in 
violet  will  appear. 
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Spectrum  of  ovario-luteine  in  alcohol. 


4.  Set  aside  the  alcohol  solution  to  evaporate 
spontaneously.  The  fatty  residue  will  gradu- 
ally deposit  orange-red  crystals  of  ovario-luteine. 
Shake  the  mixture  with  absolute  alcohol  till  the 
fat  is  removed,  then  with  repeated  small  quan- 
tities of  ether.  Lastly,  wash  with  ether,  press 
between  paper,  and  dry. 

5.  Reactions  of  ovario-luteine  crystals. 

a.  The  crystals  are  soluble  with  a yellow  or 
orange  colour  in  hot  alcohol,  ether  chloro- 
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form,  carbon  disulphide,  and  hot  glacial 
acetic  acid. 

b.  To  a small  quantity  of  the  crystals  add  nitric 
acid ; a blue  colour,  turning  rapidly  yellow, 
is  produced.  The  acetic  acid  solution  gives 
the  same  reaction. 

C.  Reactions  of  Chloroform  Solution. 

a.  Dry  the  solid  residue  of  the  corpora  lutea, 
and  extract  with  chloroform.  Test  the  solu- 
tion as  follows  : 

b.  Examine  with  spectroscope  with  lime  light. 
Two  bands  in  blue  will  be  shown. 
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Spectrum  of  chloroform  solution  of  corpora  lutea. 


c.  Add  nitric  acid  ; the  solution  will  become 
colourless. 

d.  Evaporate  the  solution  in  a current  of  air. 
A peculiar  odour  will  be  noticed,  and  a 
yellow  residue  left.  To  the  residue  add 
sulphuric  acid ; a dirty  green  colour  will 
appear.  Add  a little  sugar ; no  purple 
colour  will  ensue. 

II.  Ovo-luteine , or  luteine  from  egg-yelks. 

1.  Alcohol  extract. — Boil  the  yelk  with  85%  al- 
cohol, filter,  and  allow  to  stand  till  clear.  It 
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will  show  the  same  three  bands  as  the  ether 
solution,  but  diminished  in  intensity  by  heat, 
and  recovering  the  same  appearance  when  cold. 
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Spectrum  of  egg  lutein e in  alcohol,  cold. 
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Spectrum  of  egg  luteine  in  alcohol,  hot. 


2.  Ether  extract. — Prepared  similarly;  the  ether 
extract  shows  three  bands  in  a slightly  different 
position. 
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Spectrum  of  egg  luteine  in  ether. 


3.  Chloroform  extract. — Digest  egg-yelk  in  chloro- 
form, filter,  and  allow  to  stand  till  clear.  The 
solution  has  a fine  yellow  colour,  and  in  the 
spectroscope  shows  three  bands. 
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Spectrum  of  egg  luteine  in  chloroform. 


III.  Butyro -luteine. 

1.  Butter  is  digested  with  chloroform  and  filtered. 
Three  bands. 
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Spectrum  of  butyro-luteine  in  chloroform. 


2.  Dried  by  heat  and  filtered  hot.  Three  bands, 
fainter  when  heated ; third  only  visible  when 
just  cooling. 
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Spectrum  of  butyro-luteine  in  fused  butter. 


IY.  Cysto -luteine. 

1.  The  yellow  fluid  contained  in  an  ovarian  cyst 
is  examined  before  the  spectroscope  with  the 
lime  light.  Three  bands  in  blue  will  be  ob- 
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served  in  the  same  position  as  those  of  the 
chloroform  solution  of  ovario-luteine. 
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V.  Sero-luteine. 

1.  Allow  blood  to  stand,  and  decant  the  serum. 
Set  aside  the  latter  to  deposit,  pour  off  the 
liquid,  and  filter  it  through  paper  repeatedly 
till  clear.  Before  the  spectroscope  it  will  show 


Spectrum  of  sero-luteine. 


the  bands  of  hematocrystalline  ( q . v.),  and  also 
(probably)  one  band  and  a doubtful  second, 
corresponding  to  the  ovario-luteine  bands.  If 
diluted  till  the  blood  bands  disappear  the 
luteine  bands  will  also  become  invisible. 


"V  I.  Intestino-luteine , from  Infants. 

1.  Mix  the  yellow  feces  of  sucking  infants  with 
alcohol  in  excess,  filter  from  the  flakes  of 
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caseine,  and  examine  the  solution  with  the  spec- 
troscope. One  band  and  a doubtful  second  in 
the  positions  of  the  other  luteine  bands,  will  be 
perceived. 
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Spectrum  of  intestino-luteine. 


The  solution  will  deposit  crystals  of  chole- 
sterine.  Examine  also  the  ether  and  chloroform 
solutions. 

Compare  with  the  above  a chloroform  extract 
of  dried  fteces  of  adults.  It  will  give  no  band. 

Lymph. — 1.  Examine  under  the  microscope;  white 
corpuscles  and  fat  globules  will  be  noticed. 

2.  Allow  fresh  drawn  lymph  from  a blister,  or  a 
fistula  of  a lymph  vessel  to  stand ; it  will  coagulate. 
Remove  the  coagulated  threads  by  beating  with  a 
bundle  of  twigs,  and  wash  them  with  water.  They 
will  be  found  to  consist  of  fihrine  (see  Fibrine). 

3.  Strain  the  liquid  and  heat  it  to  boiling.  A pre- 
cipitate of  albumen  in  flakes  will  be  produced. 

4.  Filter ; to  the  hot  filtrate  add  a slight  excess  of 
dilute  sulphuric  acid ; allow  to  cool,  and  shake  re- 
peatedly with  small  portions  of  ether.  Evaporate  the 
ether  to  dryness,  and  digest  with  water.  The  part 
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insoluble  in  water  will  consist  of  fats.  The  soluble 
portion  will  contain  lactic  acid  (q.  v.). 

5.  Dry  a portion  of  fresh  lymph  at  100°  C.,  powder 
the  lesidue,  and  burn  to  a white  ash.  Examine  the 
ash:  it  will  contain  sulphate,  phosphate,  carbonate, 
&c.,  of  the  alkalies,  and  a small  quantity  of  earthy 
salts.  Notice  prevalence  of  soda  over  potash  salt. 

Melanine. — The  black  pigment  of  the  eye  or  of  mela- 
notic cancers  must  be  isolated  as  much  as  possible, 
and  purified  by  solution  in  ammonia  and  precipitation 
hydrochloric  acid.  It  will  possess  a composition 
similai  to  uvoviclanine  ( q . t?.),  but  different  properties. 
A portion  will  be  found  to  be  quite  insoluble  in  any 
ordinary  reagent. 

Milk. — 1.  Milk  has  a specific  gravity  1*018  to 

1*045. 

2.  Test  the  reaction  with  litmus  paper;  the  reaction 
is  usually  alkaline. 

3.  Examine  some  milk  under  the  microscope ; it  will 
appear  as  a clear  liquid,  in  which  float  the  milk 
globules.  These  vary  in  diameter  from  about  0*0012 
to  0’0030  inch. 

4.  Add  a little  acetic  acid  to  milk  ; the  globules  will 
become  distorted. 

5.  Shake  up  some  milk  with  ether;  the  globules, 
though  they  consist  of  fat,  are  not  dissolved.  This  is 
due  to  the  fact  that  each  globule  has  an  envelope 
which  is  insoluble  in  ether. 

6.  Shake  up  some  milk  with  caustic  potash,  which 
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dissolves  the  envelope.  On  now  treating  with  ether 
the  globules  will  be  dissolved. 

7.  The  colostrum  (milk  secreted  during  the  first  two 
or  three  days  after  parturition)  is  characterised  by  the 
presence  of  granular  bodies.  Examine  under  the 
microscope  : the  granular  bodies  will  be  seen  to  be 
composed  of  irregular  aggregations  of  small  fat  glo- 
bules, and  united  by  an  albuminous  amorphous  granu- 
lar substance.  Treat  with  iodine  water  ; the  albumen 
will  be  dyed  yellow.  Potash  and  acetic  acid  break  up 
these  granular  bodies. 

8.  Evaporate  20  cc.  of  milk  to  dryness  in  a small 
weighed  porcelain  or  platinum  crucible  on  the  water- 
bath.  Dry  in  an  air-bath  for  several  hours  at  110°  C. 
and  weigh ; the  increase  in  the  weight  of  the  crucible 
gives  the  solid  residue  in  the  milk. 

9.  Ignite  the  dried  residue  over  a Bunsen  or  Argand 
burner;  allow  to  cool  and  weigh.  The  difference 
between  this  weight  and  the  original  weight  of  the 
crucible  gives  the  ash  of  the  milk. 

Milk  contains  about  10%  solid  residue,  and  0'1  to 
0'5%  of  ash. 

10.  Evaporate  50  cc.  of  milk  on  a water-bath  almost 
to  dryness  in  a weighed  porcelain  dish;  add  acetic 
acid.  Exhaust  the  residue  successively  with  ether, 
alcohol,  and  water.  Dry  the  exhausted  residue  and 
weigh ; the  increase  in  the  weight  of  the  dish  gives  the 
caseine  in  the  milk. 

11.  Evaporate  the  ethereal  extract  to  dryness  in  a 
weighed  crucible  and  weigh ; the  increase  of  weight 
will  give  the  quantity  of  fat. 
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12.  Add  to  100  cc.  of  milk  solution  of  calcium 
chloride ; the  caseine  is  precipitated ; filter ; add 
potash  solution  to  precipitate  excess  of  calcium,  and 
estimate  the  sugar  present  in  the  filtrate  with  standard 
solution  of  potassio-tartrate  of  copper. 

Milk  contains  2 to  4%  caseine. 

„ 1*5  to  4%  fat. 

,,  4 to  5%  sugar  (lactose). 

Mucine. — 1.  Dilute  mucus  with  four  vols.  of  water 
and  filter.  Digest  the  insoluble  matter  (mucine)  with 
a weak  solution  of  potash,  filter,  neutralise  with  acetic 
acid,  wash  the  precipitate  with  water,  alcohol,  and 
ether,  and  use  it  for  the  following  reactions. 

2.  Dry  a portion  and  burn  on  platinum  foil.  A 
white  alkaline  ash  containing  calcium  phosphate  wdll 
remain. 

3.  Fuse  with  caustic  potash,  dissolve  in  water,  and 
add  a drop  of  lead  acetate.  No  black  precipitate, 
showing  the  absence  of  sulphur. 

4.  Mix  with  cold  water  and  boil.  It  will  gradually 
dissolve.  Add  alcohol ; the  mucine  will  be  precipitated 
in  flakes. 

5.  Dissolve  mucine  in  a dilute  acid  or  alkali,  and 
add  potassium  ferrocyanide.  No  precipitate. 

6.  Dissolve  in  glacial  acetic  acid  and  boil.  Add 
potassium  ferrocyanide  ; white  precipitate. 

7.  Heat  with  concentrated  nitric  acid  : the  mucine 
will  turn  yellow  and  dissolve. 

8.  Dissolve  in  very  weak  caustic  potash,  and  add 
basic  lead  acetate  or  tannic  acid  ; white  precipitate. 
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9.  Dissolve  in  dilute  hydrochloric  acid,  and  add 
mercuric  chloride ; only  a slight  turbidity  will  ensue. 


Muscles. — Striated  voluntary  and  involuntary  muscles. 
— 1.  Examine  under  microscope.  They  will  be  found 
to  consist  of  fibres  bound  together  in  bundles,  and 
marked  with  transverse  striae. 

2.  Free  the  muscles  of  a recently-killed  animal  from 
blood  by  injecting  through  the  vessels  a one  per  cent, 
solution  of  sodium  chloride.  They  must  then  be 
frozen,  minced,  mixed  with  four  vols.  of  snow  con- 
taining a little  sodium  chloride.  The  mass  will  liquefy, 
and  must  be  quickly  filtered  at  0°C.  The  nearly  clear 
filtrate  on  regaining  the  ordinary  temperature  will 
coagulate.  Stir  with  a rod,  and  separate  the  coagulum 
from  the  serum. 

3.  Wash  the  coagulum  with  water,  alcohol,  and 
ether.  It  will  be  found  to  consist  of  myosine  (q.  v.). 

4.  Heat  the  serum  to  boiling  : albumen  will  precipi-  . 
tate  in  flakes. 

5.  Extract  the  cake  which  remains  after  the  extrac- 
tion of  myosine  and  albumen  by  process  2 with  pure 
water,  and  observe  that  the  red  colouring  matter 
myochrome , identical  with  hemato-crystalline,  dissolves. 
Study  its  properties  as  prescribed  for  hemato- 
crystalline. 

G.  Expose  a piece  of  fresh  muscle  to  oxygen  under 
a receiver,  and  observe  that  oxygen  is  absorbed  and 
carbonic  acid  evolved. 

7.  After  extraction  of  the  myochrome  (5),  treat  the 
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residue  with  dilute  hydrochloric  acid  and  obtain 
syntonine  (q.v.). 

8.  Extract  Jcreatine , Icreatinine,  and  inosic  acid  by  the 
processes  described  under  those  bodies. 

9.  Extract  sarkine  and  xanthine  by  the  processes 
described  under  those  bodies. 

10.  Extract  inosite  and  dextrine  by  the  processes 
described  under  those  bodies. 

11.  Extract  Icreatylic  acid  by  a process  similar  to 
that  prescribed  for  the  extraction  of  kryptophanic 
acid  from  urine. 

12.  Burn  a portion  of  muscle  freed  from  blood  as 
above.  Examine  the  ash,  and  observe  that  potash 
salts  prevail  in  it. 

13.  Examine  mercantile  extract  of  meat  (Liebig’s) ; 
observe  what  quantity  of  it  is  soluble  in  alcohol  of 
80%  strength.  Burn  a quantity,  and  observe  that  it 
leaves  about  18%  of  ash,  of  which  half  is  potash. 

14.  Examine  brine  in  which  meat  has  been  kept; 
observe  that  it  contains  much  albumen,  but  no  red 
colouring  matter. 

15.  Treat  red  salted  meat,  such  as  ham,  with  water, 
and  observe  that  the  hemato-crystalline  is  insoluble  in 
it.  Boil  with  alcohol : the  red  matter  will  dissolve, 
and  the  solution  will  show  a particular  spectrum, 
differing  from  the  spectra  of  hemato-crystalline,  hema- 
tine,  or  cruentine. 

Myeline. — Extract  brain  or  blood -corpuscles  by 
ether,  and  evaporate  the  extract.  The  matter  thus 
obtained  has  received  the  name  of  “ myeline It  is  a 
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mixture  of  cerebric  acid,  several  lecitliines,  cliolesterine, 
and  fats.  It  is  interesting  as  a microscopic  object 
from  its  developing  peculiar  stringy  growths  when 
placed  in  water. 

Myosine. — From  the  muscles  of  an  animal  just 
killed;  the  plasma  or  liquid  portion  is  removed  by 
pressure,  beaten  with  a rod  while  it  coagulates,  and 
the  coagulated  flakes  of  myosine  washed  with  water. 
In  properties  myosine  closely  resembles  fibrine,  but  is 
flaky,  not  fibrous,  more  transparent  in  appearance, 
easily  soluble  in  a 10%  solution  of  sodium  chloride,  and 
precipitated  on  dropping  this  solution  into  water. 

Nerve. — 1.  Nerve  is  similar  to  brain  in  constitution. 
The  brain  fats  which  have  been  found  in  nearly  all 
parts  of  the  organism  are  probably  due  to  the  presence 
of  minute  ramifications  of  nerves. 

2.  Examine  under  microscope.  Nerves  consist 
of  either  fibres  or  cells.  The  fibres  are  generally  made 
up  of  an  outer  sheath,  a “ medullary  substance,”  con- 
taining albuminous  matter  and  fats,  and  a central 
“ axis  cylinder”  of  albuminous  matter  alone.  The 
medullary  substance,  and  perhaps  the  axis,  coagulate 
after  death.  The  nerve-cell  or  vesicle  has  a nucleus 
and  nucleolus,  and  differs  in  composition  from  the 
nerve-fibre,  being  soluble  in  acetic  acid. 

3.  The  substance  forming  the  “ axis  cylinder” 
resembles  fibrine  and  myosine,  but  differs  from  the 
former  by  being  insoluble  in  potassium  nitrate,  from 
the  latter  by  not  dissolving  in  dilute  acids. 
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4.  The  nerve-cells  contain  a substance  resembling 
caseine. 

5.  The  “ sheath”  of  the  nerve-fibres  appears  to 
consist  of  elastic  tissue  (q.  v.). 

(See  Brain  and  Oleophosphoric  Acicl.) 


Oleophosphoric  Acid  (Fremy). — 1.  The  ethereal  ex- 
tract obtained  in  the  preparation  of  cerebrine  (q.  v.)  is 
evaporated  and  digested  with  a small  quantity  of  ether. 
The  solution  must  be  shaken  with  dilute  sulphuric  acid 
to  remove  soda,  then  washed  with  water  to  remove 
excess  of  acid.  Distil  off  the  ether,  and  dissolve  the 
residue  in  boiling  alcohol ; on  cooling  the  oleophos- 
phoric acid  will  be  deposited,  and  must  be  freed,  as  far 
as  possible,  from  oleine  by  washing  with  cold  absolute 
alcohol,  and  from  cholesterine  by  ether,  in  which  the 
latter  is  the  more  soluble. 

2.  Sodium  oleophosphate  may  also  be  obtained  from 
muscle,  &c.,  by  extracting  with  cold  dilute  alcohol, 
and  treating  the  extract  as  above. 

3.  Oleophosphoric  acid  is  a yellowish  viscous  sub- 
stance, soluble  in  ether  and  in  hot  alcohol,  insoluble  in 
cold  absolute  alcohol  and  in  water,  but  swelling  up 
slightly  in  boiling  water  from  the  presence  of  a little 
cerebric  acid. 

4.  Long  boiling  with  water  or  alcohol,  especially  if 
acidified,  decomposes  it  into  oleine  and  phosphoric  acicl, 
or  into  oleic  and  glycerophosphoric  acids.  The  same 
change  takes  place  in  the  brain  by  physiolysis  or 
putrefaction. 
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5.  Alkalies  in  excess  resolve  it  into  phosphate,  oleate, 
and  glycerine. 

6.  Heated  on  platinum  foil  it  blackens,  burns,  and 
leaves  a charcoal  containing  phosphoric  acid  corre- 
sponding to  2%  of  phosphorus  in  the  original  substance. 
The  phosphorus  may  also  be  determined  by  decom- 
posing the  compound  by  fuming  nitric  acid,  when  the 
phosphoric  acid  is  found  in  the  aqueous  layer. 

7.  Oleophosphoric  acid  differs  from  oleine  in  being 
insoluble  in  cold  absolute  alcohol.  It  has  not  yet  been 
obtained  pure,  nor  can  it  be  produced  artificially,  but  a 
similar  compound  of  sulphuric  acid  and  oleine  is  known. 

Omicholic  Acid , C16H22N04  (See  Uromelanine) .— 1 . 
Boil  Urochrome  ( q . v.)  with  dilute  sulphuric  acid  until 
the  fluid  assumes  a dark  red  colour  ; add  water,  reddish 
brown  flakes  are  precipitated,  collect  those  flakes  and 
extract  with  boiling  alcohol ; filter  the  solution  when 
cool,  and  concentrate  the  filtrate  and  pour  into  cold 
water  ; a red  powder  is  deposited ; collect  this  powder 
and  extract  with  ether,  and  filter.. 

2.  Allow  the  ethereal  solution  to  evaporate  sponta- 
neously , the  Omicholic  acid  is  left  as  a resinous  syrup 
mixed  with  Omicholine. 

3.  Treat  with  ammonia ; the  omicholic  acid  is  dis- 
solved whilst  the  omicholine  remains. 

4.  Examine  the  ethereal  solution  of  omicholic  acid 
with  the  spectroscope.  It  has  a spectrum  showing  an 

absorption  band  in  the  green.  The  ammonia  solution 
has  no  band. 
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Spectrum  of  omicholic  acid. 


5.  Heat  a very  small  portion  on  platinum  foil ; a 
very  strong  urinous  odour  will  be  evolved. 

6.  Examine  tlie  ethereal  or  chloroform  solution  in 
concentrated  sunlight,  and  notice  a strong  green 
fluorescence. 


Omicholine,  C22H8SN 05  (see  Uromelanine) . — 1.  The 
alcohol  solution  of  resins  obtained  as  described  under 
Uromelanine  must  be  concentrated  and  poured  into 
water.  Dry  the  precipitate,  extract  with  ether,  and 
filter.  The  portion  insoluble  in  ether  is  Uropittine 
(q.  v.). 

2.  Evaporate  the  ether,  dissolve  the  residue  in  a 
little  hot  absolute  alcohol,  and  pour  into  water.  Col- 
lect the  flocculent  precipitate  and  treat  with  dilute 
ammonia.  Omicholic  acid  will  dissolve,  while  Omicholine 
will  remain  insoluble. 
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Spectrum  of  omicholine. 
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3.  Omiclioline  is  insoluble  in  cold,  slightly  soluble  in 
boiling  water,  insoluble  in  alkalies  wlien  pure,  very 
soluble  in  alcohol  or  ether  with  a red  colour. 

4.  Heat  a small  portion  on  platinum  foil ; a power- 
ful urinous  odour  will  be  evolved. 

5.  Examine  the  alcohol  solution  with  the  spectro- 
scope ; a band  in  green  will  be  observed. 

6.  Examine  with  a lens  in  sunlight ; the  solution 
fluoresces  green. 

Pancreatic  Juice. — 1 . Notice  appearance  and  alka- 
line reaction. 

2.  Add  tannic  ora  mineral  acid  ; a white  precipitate 
will  be  produced. 

3.  Heat  to  72°,  a white  precipitate  will  also  appear. 

4.  Add  three  or  four  volumes  of  94%  alcohol,  filter, 
dry  the  precipitate,  dissolve  in  water,  and  filter. 
Digest  solution  with  some  starch  : the  latter  will  be 
dissolved  and  converted  into  dextrine  and  sugar. 
Digest  with  coagulated  albumen ; it  will  dissolve. 
With  fats  it  will  form  an  emulsion. 

5.  Evaporate  the  juice  to  a low  bulk  and  exhaust 
with  ether.  The  ethereal  solution  must  be  examined 
for  fats.  The  aqueous  portion  must  be  tested  for 
leucine  and  tyrosine  ( q . v.). 

6.  Treat  pancreatic  juice  with  a little  chlorine  water ; 
a reddish  colour  will  be  produced. 

7.  Evaporate,  burn,  and  analyse  ash. 

Pepsine. — 1.  Treat  the  glandular  layer  of  a stomach 
with  dilute  tribasic  phosphoric  acid;  filter  and  neutralise 
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the  filtrate  with  lime-water.  Collect  the  precipitate  on 
a filter,  wash  and  treat  with  dilute  hydrochloric  acid. 
Treat  the  clear  solution  with  lime-water,  collect  the 
precipitate,  dissolve  in  dilute  hydrochloric  acid,  and  add, 
through  a thistle  funnel  reaching  to  the  bottom  of  the 
solution  a saturated  solution  of  cliolesterine  in  a mix- 
ture of  one  part  ether  and  four  alcohol,  and  shake  the 
whole  well.  Filter  off  the  precipitate  which  consists 
of  cholesterine  and  pepsine,  wash,  and  finally  shake  up 
in  a bottle  with  ether ; allow  to  stand,  remove  the 
ethereal  solution  of  cholesterine  with  a syphon  and 
filter  the  remaining  liquid.  The  filtrate  will  consist  of 
a solution  of  pepsine. 

2.  Acidify  this  solution  feebly  with  h}rdrochloric  acid, 
add  to  the  solution  thus  acidified  some  albumen  ; it 
will  rapidly  be  dissolved. 

3.  Add  to  the  solution  tannic  or  mercuric  chloride ; 
no  precipitate  is  formed. 

Protag  on  (Liebreich). — 1.  The  brain  of  an  animal 
just  killed  is  freed  from  blood  by  injecting  water  till  it 
issues  colourless.  The  substance  is  then  comminuted, 
shaken  with  repeated  quantities  of  water  and  ether  (to 
remove  cholesterine  and  matters  soluble  in  water),  and 
the  residue  digested  with  warm  (45°  C.)  85%  alcohol. 
The  alcoholic  extract  on  cooling  deposits  a flaky 
precipitate,  which  must  be  exhausted  with  cold  ether, 
and  purified  by  recrystallising  from  warm  alcohol. 
Pure  protagon  has  the  following  properties. 

2.  Light  flocculent  powder,  consisting  under  the 
microscope  of  radiated  needles,  little  soluble  in  cold, 
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more  soluble  in  hot,  alcohol  and  ether.  In  water  it 
swells  up  to  an  opalescent  solution,  which  is  coagu- 
lated by  the  addition  of  salts.  From  the  coagulated 
flakes  the  salts  are  almost  entirely  removed  by  washing 
with  water,  leaving  the  protagon  unchanged. 

3.  In  warm  glacial  acetic  acid  it  dissolves  to  a clear 
solution,  which  deposits  crystalline  protagon  on 
cooling. 

4.  It  softens  at  a temperature  of  75°  to  80°,  and 
decomposes  below  100°.  When  burned  it  leaves  a 
dense  charcoal  difficult  of  combustion  and  containing 
phosphoric  acid. 

5.  By  the  action  of  alkalies  or  boiling  dilute  II Cl  it 
yields  cerebrine  and  the  decomposition  products  of 
lecithine  (q.v.).  (See  Cerebric  Acid.) 

Pty aline. — 1.  Treat  a quantity  of  saliva  first  with 
dilute  phosphoric  acid  and  then  with  lime  water. 
Decant  the  clear  liquid  ; shake  up  the  precipitate  with 
distilled  water  and  filter.  The  filtrate  is  a solution  of 
the  active  ferment  ptyaline , which  can  be  precipitated 
by  the  addition  of  alcohol. 

2.  Treat  some  starch  with  the  above-mentioned 
aqueous  solution  at  a temperature  of  35°;  it  will 
dissolve  and  be  finally  converted  into  dextrine  and  sugar. 

3.  The  active  properties  of  ptyaline  are  destroyed  by 
a temperature  above  60°  C.,  or  by  strong  acids  or 
alkalies. 

4.  Treat  a little  solid  ptyaline  with  nitric  acid.  No 
yellow  colour  wifi  be  produced,  showing  that  it  is  not 
an  albuminoid. 
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5.  Heat  with  soda  lime  in  a tube : ammonia  will  be 
evolved,  showing  presence  of  nitrogen. 

6.  Fuse  with  caustic  potash,  dissolve  in  water  and 
add  a drop  of  lead  acetate.  A black  precipitate  will 
form,  showing  presence  of  sulphur. 

Pus. — 1.  Examine  under  microscope  : pus  corpuscles, 
identical  with  the  white  corpuscles  of  the  blood,  will 
be  noticed.  Observe  appearance  and  reaction  with 
litmus  paper. 

2.  Exhaust  the  pus  with  twice  its  volume  of  boiling 
90%  alcohol,  containing  a little  hydrochloric  acid, 
evaporate  to  one  third,  mix  with  three  or  four  times 
its  bulk  of  ether,  shake  well,  and  decant  or  fill  the 
liquid.  Examine  the  solution  and  the  insoluble  residue 
by  the  methods  described  under  fats ; cerebric,  oleic, 
and  palmitic  acids  and  cliolesterine  will  be  found. 

3.  Dilute  pus  with  three  volumes  of  water  containing 
a little  sodium  chloride,  and  by  filtration  and  decanta- 
tion separate  the  corpuscles  from  the  serum. 

4.  Heat  the  serum : a precipitate  of  albumen  will  be 
formed.  Filter  : test  a portion  of  the  filtrate  for  sugar 
by  the  copper  test.  Evaporate  another  portion  to  a 
low  bulk  and  add  nitric  acid  ; a crystalline  jmecipitate 
of  urea  nitrate  will  indicate  urea.  In  another  portion 
test  for  leucine  ( q.v .). 

5.  Digest  the  corpuscles  with  a 10%  solution  of 
sodium  chloride,  filter  or  decant,  and  mix  the  solution 
with  a large  quantity  of  distilled  water.  A flaky 
precipitate  will  form  of  a substance  allied  to  myosine. 
The  portion  of  the  corpuscles  insoluble  in  sodium 
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cliloride  must  be  digested  with  dilute  hydrochloric  acid, 
filtered,  and  the  filtrate  carefully  neutralised  with 
soda.  A precipitate  of  pyine  will  appear  [q.v.). 

6.  Distil  fresh  pus  carefully  with  dilute  phosphoric 
acid.  To  the  distillate  add  some  sodium  carbonate  to 
very  slight  alkaline  reaction,  evaporate  down  and  test 
for  volatile  acids  (q.v.). 

7.  Evaporate  pus  to  dryness  at  100°  C.  and  burn. 
Examine  the  ash. 

Pyine.  — 1.  Obtain  from  pus  by  the  method 
described  under  Pus,  5. 

2.  Dissolve  in  dilute  caustic  potash,  and  add  acetic 
acid  : a precipitate  will  appear,  insoluble  in  excess  of  the 
acid. 

3.  To  the  solution  in  potash  add  hydrochloric  acid : 
a precipitate  soluble  in  excess  will  be  produced. 

4.  To  the  solution  in  dilute  hydrochloric  acid  add 
potassium  ferrocyanide  : no  precipitate. 

5.  Treat  with  nitric  acid  : it  will  turn  yellow  and 
dissolve. 

6.  To  a solution  in  very  dilute  nitric  acid  add  lead 
acetate  or  mercuric  chloride  : a white  precipitate  will 
fall. 

7.  Dissolve  in  weak  lij^drochloric  acid  or  caustic 
potash  and  boil:  no  precipitate  will  ensue. 

Pyocyanine. — 1.  Linen  stained  with  “blue  pus” 

must  be  extracted  with  cold  water  containing  a little 
ammonia,  and  the  evaporated  and  filtered  extract 
digested  with  chloroform.  Shake  the  chloroform 
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solution  with  very  weak  sulphuric  acid ; treat  the  red 
aqueous  layer  with  baryum  carbonate,  and  baryta 
water  till  it  turns  blue,  filter,  shake  the  filtrate  with 
chloroform,  and  evaporate  the  chloroform  solution  in  a 
current  of  air.  Pyocyanine  will  gradually  deposit  in 
crystals  or  flakes. 

2.  It  is  soluble  in  water,  alcohol,  and  chloroform, 
but  almost  insoluble  in  ether.  Acids  turn  it  red ; 
alkalies  blue.  It  is  decolorised  by  chlorine. 

3.  From  the  mother  liquor  of  pyocyanine,  a yellow 
substance,  joyoxanthose , may  be  obtained. 

Saliva. — 1.  Extract  ptyaline  by  the  method  described 
under  that  body. 

2.  Distil  with  a dilute  acid  (phosphoric  or  sulphuric)  : 
in  the  distillate  ferric  chloride  will  produce  a red 
colour,  showing  the  presence  of  sulplio -cyanide  (, q.v .). 

3.  Evaporate  to  dryness  and  burn.  Analyse  the 
ash.  It  will  be  found  to  contain  calcium  carbonate. 

4.  If  the  saliva  be  turbid,  dilute  it  with  four 
volumes  of  water,  and  filter.  The  insoluble  matter 
will  be  murine.  (See  Mucine.) 

Sarlcosine,  C3H7N02. — 1.  Boil  kreatine  with  baryta 
water  till  no  more  ammonia  is  given  off,  filter,  add  to 
the  filtrate  an  excess  of  dilute  sulphuric-  acid,  boil,  and 
again  filter.  Evaporate  to  a low  bulk,  mix  thoroughly 
with  three  or  four  successive  small  portions  of  cold 
alcohol,  decant  the  alcohol,  dissolve  the  residue  in 
water,  boil  with  baryum  carbonate  to  remove  sulphuric 
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acid,  filter,  concentrate  to  a syrup  at  100°  C.,  and  set 
aside  to  crystallise. 

2.  Sarkosine  is  very  soluble  in  water,  nearly  insolu- 
ble in  alcohol,  and  insoluble  in  ether.  Notice  neutral 
reaction  to  litmus  of  aqueous  solution. 

3.  Add  to  an  aqueous  solution  cupric  acetate  : an 
intense  blue  colour  will  be  produced.  By  evaporation 
dark  blue  crystals  of  a double  salt  may  be  obtained. 

4.  In  a cold  saturated  solution  of  mercuric  chloride 
place  a crystal  of  sarkosine  : the  liquid  will  gradually, 
solidify  to  a network  of  white  needles. 

5.  To  a solution  of  sarkosine  sulphate  add  lead 
peroxyde  ; decomposition  with  effervescence  will  take 
place,  and  the  solution  will  contain  methylamine. 

6.  Dissolve  sarkosine  in  hydrochloric  acid,  add 
platinic  chloride,  and  set  aside  to  evaporate.  Yellow 
octahedra  of  a platinum  salt,  2 (CgH^NO^,  HC1)  PtCl4, 
2HoO,  losing  water  at  100°,  will  be  deposited. 

7.  Heat  sarkosine  in  a tube;  it  will  melt  and  sub- 
lime without  residue. 

8.  Heat  another  portion  with  soda-lime : methyl- 
amine  (with  a smell  of  ammonia  and  alkaline  reaction) 
will  be  evolved. 

Succinic  acicl,  C4H604. — 1.  Obtain  from  the  fluid  in 
the  bladders  of  echinococci  by  evaporating  to  a syrup, 
adding  hydrochloric  acid  and  extracting  with  ether. 
The  ether  solution  after  distillation  leaves  succinic 
acid  in  mystals. 

2.  Heat  in  a tube  open  at  both  ends.  The  acid  will 
sublime  in  silky  needles. 
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3.  It  is  soluble  in  water,  alcoliol,  and  ether.  Dis- 
solve in  water,  and  use  for  the  following  reactions. 

4.  Neutralise  with  soda,  evaporate  to  crystallisation. 
Heat  a portion  of  the  crystals  in  a tube ; it  will 
blacken,  leaving  a residue  of  sodium  carbonate  mixed 
with  charcoal. 

5.  Neutralise  with  ammonia  and  add  ferric  chloride. 
A bulky  red-brown  precipitate  will  be  formed,  easily 
soluble  in  mineral  acids.  Add  excess  of  ammonia, 
boil,  and  filter.  To  the  filtrate  add  baryum  chloride 
and  a little  alcohol ; a white  precipitate  will  fall.  Ben- 
zoic acid  will  give  no  white  precipitate  under  these 
circumstances. 

6.  Add  lead  acetate ; a white  precipitate  will  ensue. 

Sulphocyanic  acid , CNSH. — 1.  Obtain  by  distilling 
large  quantities  of  saliva  with  sulphuric  acid  and  neu- 
tralising the  distillate,  or  evaporate  the  saliva  to  dry- 
ness and  extract  with  alcohol ; evaporate  the  alcohol 
and  use  the  extract  dissolved  in  little  water.  Most 
sulphocyanides  are  soluble  in  water  and  alcohol. 

2.  Fuse  with  caustic  potash  ; ammonium  carbonate 
will  be  evolved,  and  will  turn  red  litmus  blue.  Dis- 
solve the  residue  in  water  and  add  lead  acetate ; a black 
precipitate  of  sulphide  will  be  formed. 

3.  Heat  100  grammes  of  dry  ammonium  sulpho- 
cyanide  in  a flask  to  170°C.  in  an  oil  bath  for  two 
hours.  Allow  to  cool  to  100°C.,  add  twice  its  bulk  of 
boiling  water,  filter  hot,  and  set  aside  to  crystallise. 
A network  of  long  fibrous  satiny  crystals  of  sulphur 
urea  will  be  formed.  Press,  purify  by  recrystallisation 
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from  water  and  from  alcoliol,  dissolve  a small  quantity 
in  a very  large  bulk  of  water,  and  apply  the  following 
tests. 

a.  Add  a drop  of  cuprous  chloride  in  hydrochloric 
acid ; a bulky  white  gelatinous  precipitate  will 
appear. 

b.  Add  mercuric  nitrate ; an  amorphous  white 
precipitate  will  fall. 

c.  Add  cupric  sulphate ; a precipitate  of  white 
microscopic  prisms  will  gradually  form,  redis- 
solved by  heat  and  depositing  again  in  oily 
drops  or  in  crystals  on  cooling,  giving  by  long 
boiling  a black  precipitate  of  sulphide. 

d.  Add  ferric  chloride ; no  reaction  if  the  urea  be 
pure. 

4.  Boil  a sulphocyanide  with  nitric  acid ; a yellow 
precipitate  of  persulphocyanogen  will  be  produced. 

5.  To  a sulphocyanide  solution  add  ferric  chloride  ; 
an  intense  red  colour  will  be  produced.  Add  a frag- 
ment of  pure  zinc,  and  suspend  over  it  a slip  of  paper 
moistened  with  lead  acetate.  The  paper  will  be 
blackened  by  the  evolution  of  IDS. 

6.  Add  solution  of  cuprous  chloride  in  hydrochloric 
acid  ; a white  granular  precipitate  will  appear. 

Sweat. — 1.  Notice  appearance,  smell,  acid  reaction, 
and  presence  of  epidermic  scales. 

2.  Distil  down  to  a third  or  fourth  with  a little 
dilute  sulphuric  acid.  Examine  the  distillate  for 
volatile  acids  (^.  v.').  Digest  the  residue  in  the  retort 
with  ether. 
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3.  Evaporate  the  ethereal  solution  freed  from  sul- 
phuric acid  by  digestion  with  carbonate  of  baryta,  and 
exhaust  with  water.  The  aqueous  solution  freed 
from  baryta  by  cautious  precipitation  with  sulphuric 
acid  examine  for  lactic  acid  and  urea  ( q . v.).  The 
insoluble  portion  will  consist  oifats  (q.  v.). 

4.  Examine  the  portion  insoluble  in  ether  for  urea, 
uric  acid , sugar,  and  sudoric  acid. 

5.  Heat  a little  of  the  sweat  to  boiling ; a flaky 
precipitate  of  albumen  will,  in  some  rare  cases, 
appear. 

6.  Evaporate  to  dryness,  burn,  and  analyse  ash. 

Synovia. — 1.  Notice  appearance  and  alkahne  re- 
action. 

2.  Dilute  with  two  volumes  of  water,  add  acetic 
acid  till  very  slightly  acid,  and  boil.  A precipitate  of 
albumen  will  be  formed. 

3.  Evaporate  to  a low  bulk  at  100°C.  and  exhaust 
with  ether.  The  ether  on  evaporation  will  leave  a 
residue  of  fat. 

4.  Evaporate  to  dryness  and  burn.  Analyse  ash. 

Syntonine  or  Muscle-fibrine. — 1.  Wash  comminuted 
muscle  with  cold  water  till  free  from  albumen,  digest 
with  very  dilute  hydrochloric  acid,  strain,  neutralise 
the  solution  with  sodium  carbonate,  and  wash  with 
water  the  precipitate  of  syntonine, 

2.  The  reactions  are  similar  to  those  of  fibrine, 
except  that  it  is  more  soluble  in  dilute  hydrochloric 
acid. 
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Taurine , C.:H7NS03. — 1.  Mix  ox  bile  with  hydro- 
chloric acid,  filter  the  liquid  from  the  precipitate  which 
will  fall,  evaporate  the  filtrate  till  it  separates  into  a 
viscous  resin  and  a watery  liquid ; pour  off  the  liquid 
and  rinse  the  resin  with  water.  Unite  the  two  liquids, 
and  evaporate  to  a small  bulk  ; allow  to  crystallise ; 
taurine  and  sodium  chloride  crystallise  out ; the 
taurine  is  separated  by  picking  out  the  crystals,  which 
can  be  purified  by  recrystallisation. 

2.  Taurine  crystallises  in  large  transparent  glassy 
crystals,  which  when  heated  first  melt  and  then 
blacken.  It  is  moderately  soluble  in  water,  nearly 
insoluble  in  alcohol. 

3.  Melt  some  taurine  with  caustic  potash ; treat 
the  residue  with  dilute  sulphuric,  holding  a slip  of 
paper  moistened  with  lead  acetate  solution  over  the 
mass ; sulphuretted  hydrogen  is  evolved,  turning  the 
lead  paper  black  ; sulphurous  acid  is  also  evolved,  and 
sulphur  is  left  as  a residue.  This  proves  the  existence 
of  sulphur  in  taurine. 


Taurocholic  acid,  C26H4,5NS07.' — 1.  Extract  some 
dog’s  bile  with  alcohol,  decolorise  by  animal  charcoal, 
and  evaporate  the  extract  to  dryness.  Dissolve  the 
residue  in  a small  quantity  of  absolute  alcohol  and 
ether ; on  standing  in  the  cold  sodium  taurocholate  is 
precipitated  in  crystals. 

2.  Precipitate  ox  bile  with  neutral  lead  acetate,  and 
filter.  Precipitate  with  basic  lead  acetate,  and  wash 
the  collected  precipitate  ; dissolve  it  in  boiling  alcohol, 
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and  decompose  with  hydrothion.  The  solution  on 
evaporation  leaves  amorphous  taurocholic  acid. 

3.  Taurocholate  of  sodium  is  not  precipitated  by 
acids  but  by  caustic  potash.  Its  solution  in  water 
froths  like  soap-latlier.  It  is  not  precipitated  by  neu- 
tral lead  acetate. 

4.  By  boiling  with  hydrochloric  acid  it  is  decom- 
posed, yielding  taurine , choloidic  acid , and  dyslysine. 

5.  By  boiling  with  excess  of  caustic  baryta  it  is  also 
decomposed,  yielding  taurine  and  cholic  acid,  which 
latter  remains  in  combination  with  the  baryum. 

6.  On  fusion  with  caustic  potash  taurocholic  acid 
and  taurocholates  behave  like  taurine  (3),  forming 
sulphides,  which  are  decomposed  by  acids  under  evo- 
lution of  hydrothion. 

7.  Determine  the  quantity  of  taurocholic  acid  by  the 
process  Bile,  14. 

Trimethylamine,  C3H9N. — 1 . Distil  urine  with  lime  ; 
saturate  the  alkaline  distillate  with  sulphuric  acid, 
evaporate  to  dryness,  and  extract  with  absolute 
alcohol.  Trimethylamine  sulphate  if  present  dissolves, 
and  may  be  purified  by  recrystallisation,  and  the  trime- 
thylamine liberated  by  distillation  with  potash. 

2.  To  a little  of  the  sulphate  add  calcium  hydrate  in 
powder,  and  warm.  Trimethylamine  will  be  disen- 
gaged, with  a peculiar  odour  of  bad  fish. 

Tyrosine,  C9HnN03. — 1.  Boil  horn  shavings  with 
twice  their  weight  of  dilute  sulphuric  acid  (one  part  of 
concentrated  sulphuric  acid  and  four  parts  of  water) 
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for  four  hours,  renewing  the  water  as  it  evaporates. 
Dilute  with  water,  add  an  excess  of  milk  of  lime,  and 
strain,  exhausting  the  residue  with  boiling  water. 
Evaporate  the  filtrate  and  extracts  to  about  two  thirds 
of  the  bulk  of  the  dilute  sulphuric  acid.  Neutralise 
with  sulphuric  acid,  and  allow  the  whole  to  stand. 
Impure  tyrosine  crystallises  out. 

2.  Purify  and  decolorise  by  dissolving  the  tyrosine 
in  a little  hydrochloric  acid  and  boiling  the  solution 
with  animal  charcoal.  Filter  and  precipitate  the 
tyrosine  by  adding  acetate  of  soda  solution.  Crystal- 
lise the  tyrosine  by  dissolving  in  a little  hot  strong 
ammonia,  and  allowing  to  cool,  when  the  tyrosine  will 
separate  out  in  white  acicular  tufts. 

3.  Tyrosine  is  moderately  soluble  in  boiling  water, 
very  sparingly  soluble  in  cold  water,  almost  insoluble 
in  alcohol,  it  is  easily  soluble  in  hydrochloric  acid, 
ammonia,  &c. 

4.  To  a small  jDortion  of  tyrosine  add  a little  Nord- 
hausen  sulphuric  acid ; the  tyrosine  dissolves,  let  stand 
for  some  time ; dilute  rapidly  with  water,  neutralise 
the  solution  with  baryum  carbonate,  filter,  add  to  the 
filtrate  some  neutral  solution  of  ferric  chloride  when  a 
violet  colour  is  produced. 

5.  Heat  some  tyrosine  in  a glass  tube,  it  decom- 
poses, evolving  a strong  agreeable  smell. 

6.  Add  to  an  aqueous  solution  of  tyrosine  a little 
mercuric  nitrate  with  mercurous  nitrate,  a pink  colour 
and  red  precipitate  will  be  produced  on  warming. 

TJrea,  CH4N20. — 1.  Evaporate  urine  to  dryness  on 
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a water-batli ; exhaust  the  residue  with  hot  alcohol ; 
evaporate  the  solution  to  dryness ; take  up  with 
absolute  alcohol;  evaporate  the  solution  to  dryness, 
when  crystals  of  urea  will  be  obtained. 

2.  Evaporate  a solution  of  cyanate  of  ammonium  to 
dryness  on  a water-bath ; crystals  of  urea  will  be 
obtained. 

3.  Urea  is  very  soluble  in  water,  and  alcohol,  nearly 
insoluble  in  ether ; on  heating,  it  melts  and  then  de- 
composes. Examine  the  crystals  under  the  micro- 
scope. 

4.  Take  a small  quantity  of  urea,  dissolve  in  water, 
add  a saturated  solution  of  sodium  carbonate,  place 
the  whole  in  a flask,  and  distil  through  a Liebig’s 
condenser  previously  well  washed  with  distilled  water ; 
collect  the  distillate  ; on  adding  some  Nessler  test- 
solution  a dark-brown  colour  will  be  immediately 
formed,  proving  the  decomposition  of  the  urea  into 
ammonia  and  carbonic  acid. 

5.  Add  to  an  aqueous  solution  of  urea  a solution  of 
nitrate  of  mercury;  a white  precipitate  of  mercuric 
oxyde  and  nitrate  of  urea  falls. 

6.  Half  fill  a test-tube  with  an  aqueous  solution  of 
urea,  fill  up  the  tube  with  a solution  of  hypochlorite, 
close  the  test-tube  with  the  thumb,  invert  the  whole 
once  or  twice  to  mix  the  contents  thoroughly,  and, 
finally,  invert  the  tube  under  the  surface  of  a saturated 
aqueous  solution  of  salt.  Allow  to  stand ; bubbles  of 
gas  will  soon  be  disengaged,  and  collect  in  the  upper 
part  of  the  test-tube.  This  gas  is  nitrogen  formed 
from  the  decomposition  of  the  urea. 
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7.  Add  to  a concentrated  solution  of  urea  nitric 
acid ; crystals  of  urea  nitrate  will  immediately  form. 
Add  oxalic  acid  to  urea,  and  tlie  oxalate  will  be 
deposited. 

Estimation  of  urea. — 1.  Dissolve  in  a beaker  100 
grammes  of  pure  mercury  in  about  500  grammes  of 
pure  nitric  acid ; add  a further  quantity  of  nitric  acid 
in  drops,  gently  shaking  occasionally  until  no  red 
vapours  are  evolved  either  on  the  addition  of  nitric 
acid  or  on  shaking ; then  evaporate  the  solution  at  a 
gentle  heat  until  it  is  a colourless  syrup.  Care 
must  be  taken  that  none  of  the  liquid  is  lost  by 
spurting. 

2.  Dilute  the  solution  to  exactly  1400  c.c.,  adding  a 
little  nitric  acid  to  prevent  the  formation  of  an  in- 
soluble basic  salt.  This  forms  the  standard  solution  of 
nitrate  of  mercury,  each  cubic  centimetre  of  which 
represents  a centigramme  of  urea.  To  be  certain  of  its 
strength  a test  experiment  should  be  made  by  es- 
timating a known  quantity — about  two  decigrammes — 
of  pure  urea  as  described  hereafter. 

3.  Prepare  cold  saturated  solutions  of  baryta  water 
and  baryum  nitrate ; mix  two  volumes  of  baryta  water 
with  one  volume  of  nitrate  of  baryum  solution.  This 
mixture  forms  the  baryta  solution  used  in  the  analysis. 

4.  On  a glass  plate  under  which  is  a piece  of  white 
filter  paper,  place  a number  of  small  drops  of  carbonate 
of  soda. 

5.  Add  to  30  c.c.  of  urine  15  c.c.  of  the  baryta 
solution ; mix  well  with  a stirring-rod,  and  filter  through 
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a dry  filter  paper.  Measure  off  15  c.c.  of  the  filtrate 
(=10  c.c.  of  urine)  into  a small  beaker,  add  the  standard 
nitrate  of  mercury  solution  from  a burette  or  other 
graduated  vessel  until  a drop  of  the  mixture  when 
added  to  a drop  of  carbonate  of  soda  solution  on  the 
glass  plate  produces  a distinct  yellow  colour  in  two 
seconds.  When  this  colour  appears  read  off  the 
number  of  cubic  centimetres  used  ; each  cubic  centi- 
metre required  indicates  1 centigramme  of  urea  in  the 
10  c.c.  of  urine.  Thus,  if  25  c.c.  of  mercury  solution 
were  used  there  would  be  25  centigrammes  or  0'25 
grm.  in  10  c.c.  or  25  grm.  in  the  litre. 


Uric  acid,  C5H4N403. — 1.  Obtain  from  human  urine 
by  adding  to  it  ^ hydrochloric  acid,  let  stand  in  a 
warm  place  at  first,  afterwards  in  the  cold,  and  collect 
the  precipitate  of  crystallised  coloured  acid.  Purify  as 
described  in  2. 

2.  Obtain  from  excrements  of  serpents  by  dissolving 
them  in  hot  caustic  soda  ley,  boiling  to  expel  am- 
monia, precipitating  urate  by  a current  of  carbonic 
acid,  dissolving  the  urate  in  caustic  soda,  and  pouring 
this  solution  in  hot  dilute  hydrochloric  acid.  White 
uric  acid  in  crystals  is  deposited. 

3.  Observe  its  forms  of  crystallisation  under  the 
microscope,  and  make  yourself  acquainted  with  the 
principal  typical  forms  (rhombic  prisms  and  plates) 
which  the  acid  assumes,  particularly  when  it  is  depo- 
sited spontaneously  in  the  urinary  passages  or  in  the 
urine  after  emission. 
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4.  Dissolve  uric  acid  in  boiling  water,  and  observe 
that  a deposit  ensues  on  cooling.  Dissolve  it  in  alka- 
lies, and  observe  that  the  salts  with  excess  of  alkali 
are  much  more  soluble  than  the  salts  with  excess  of 
acid. 

5.  Dissolve  one  part  of  uric  acid  in  four  parts  of 
nitric  acid  of  1*42  sp.  gr.  The  acid  will  dissolve  under 
evolution  of  carbonic  acid,  nitrogen  and  nitrous  acid, 
and  on  cooling  alloxan  (see  p.  67)  will  be  deposited. 

6.  Evaporate  the  solution  of  uric  in  nitric  acid  to 
dryness  on  the  water  bath,  and  allow  the  vapour  of 
ammonia  to  touch  the  residue.  A purple  colour  of 
murexide  will  be  produced. 

/.  To  uric  acid  made  into  a pap  with  water  add 
gradually  lead  peroxide,  and  keep  the  mixture  near  the 
boiling  point.  The  lead  is  transformed  into  oxalate, 
carbonic  acid  is  evolved  with  effervescence,  the  filtered 
fluid  deposits  crystals  of  allantoine  on  cooling,  and  the 
mother  liquid  contains  urea. 

8.  Heat  uric  acid  in  closed  tubes  with  concentrated 
hydrochloric  or  hydriodic  acid,  and  obtain  glyJcokoll  by 
decomposition  of  the  resulting  salt  as  described  under 
that  substance. 

9.  Examine  the  urates  spontaneously  deposited  on 
cooling  from  healthy  or  morbid  urine ; collect  them  on 
a filter,  and  observe  that  when  washed  with  water 
crystals  of  uric  acid  gradually  form  in  them,  but  that 
this  formation  does  not  take  place  when  the  washing  is 
effected  with  spirit.  Determine  the  quantity  of  bases 
contained  in  them,  which  are  mostly  a mixture  of  potash, 
soda,  and  ammonia,  and  notice  that  their  collective 
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basic  value  only  amounts  to  about  one  half  of  what  the 
whole  of  the  uric  acid  would  require  to  be  in  the 
condition  of  acid  urate.  These  deposits  are  therefore 
liyper-acid  urates. 

Urine,  systematic  analysis. — Test  the  action  of  the 
urine  with  litmus. 

I.  It  is  acid  and  has  no  sediment,  proceed  to  2. 

II.  It  is  acid  and  has  a sediment;  pour  off  the  clear 
liquid,  filtering,  if  necessary,  and  proceed  to  ana- 
lyse the  filtrate  according  to  2.  Examine  the 
sediment  dry. 

1.  Heat  a sample  of  urine  to  boiling  after  the 
addition  of  some  acetic  acid.  A coagulum 
forms,  which  does  not  disappear  on  the  addition 
of  nitric  acid  : albumen. 

Boil  some  quantity  (500  c.c.)  of  the  urine 
with  acetic  acid ; filter  off  the  coagulated  albu- 
men and  treat  the  filtrate  as  under  2. 

a.  The  coagulum  is  white,  pure  albumen. 

b.  The  coagulum  is  greenish  : albumen,  probably 
coloured  by  bile. 

c.  The  coagulum  is  brownish-red  : probably 
from  blood ; wash  and  dry  the  coagulum ; 
boil  with  alcohol  containing  a little  sulphuric 
acid ; if  the  filtrate  is  reddish  examine  with 
spectroscope  for  acid  liematine  or  evaporate 
to  dryness,  ignite,  moisten  the  ash  with  a 
drop  or  two  of  concentrated  hydrochloric 
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acid,  dilute  with  a little  water,  filter  the 
solution  through  a small  filter,  and  add  to  the 
filtrate  a little  potassium  sulphocyanide ; a 
red  colour  confirms  the  presence  of  blood. 

2.  Take  4 to  500  c.c.  of  the  clear  urine  filtered  from 
coagulated  albumen  or  sediment ; evaporate  in 
a porcelain  dish  or  a water-bath  to  a thick 
syrup  ; divide  the  syrup  into  two  parts,  one 
equal  to  one  3rd  the  other  two  3rds  of  the  whole. 

a.  Extract  the  3rd  with  strong  alcohol ; filter, 
and  examine  the  filtrate. 

1.  Evaporate  a small  portion  nearly  to  dr}^- 
ness  and  add  a little  nitric  or  oxalic  acid, 
and  observe  the  crystalline  forms  of  urea 
nitrate  or  oxalate. 

2.  Precipitate  the  larger  portion  with  a few 
drops  of  milk  of  lime  and  calcium  chloride 
solution  and  filter  ; concentrate  the  filtrate 
on  the  water-bath  to  10-12  c.c.  Transfer  to 
a beaker,  add  one-half  c.c.  of  strong  alcoholic 
solution  of  zinc  chloride,  stir  well  and  allow 
to  stand  ; kreatinine  chloride  of  zinc  crys- 
tallises out  in  warty  grains. 

b.  Acidify  the  two-thirds  with  hydrochloric 
acid,  and  extract  with  ether.  Evaporate  the 
ethereal  solution  and  examine  the  residue  for 
hippuric  acid. 

1.  The  filtrate  will  contain  earthy  phosphate 
and  other  salts  ; add  ammonia ; the  earthy 
phosphates  will  be  precipitated. 
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2.  The  insoluble  residue  consists  of  mucus 
and  uric  acid.  Wash  off  the  filter  into  a 
test  tube,  add  one  or  two  drops  of  caustic 
soda,  Avarni  and  filter.  The  insoluble  resi- 
due is  mucus.  The  filtrate  contains  uric 
acid  and  hydrochloric  acid ; the  Uric  acid 
separates  out  in  crystals ; collect  and 
examine  under  the  microscope,  also  verify 
by  applying  the  murexide  test,  the  presence 
of  uric  acid. 

3.  The  urine  is  brown  or  green  ; froths  on 
shaking  ; colours  a small  piece  of  immersed 
filter-paper  yellow  or  green ; probable 
presence  of  bile  matter. 

Place  some  of  the  urine  upon  a white 
plate  and  drop  in  a little  strong  nitric  acid 
containing  some  nitrous,  without  shaking. 
The  fluid  turns  successively  green,  blue, 
violet,  and  brown ; presence  of  a derivate 
of  colouring  matter  of  the  bile. 

To  a second  portion  add  some  lead 
acetate  in  solution ; collect  the  precipitate, 
wash,  dry,  and  boil  the  dried  precipitate 
with  alcohol,  to  which  a little  sulphuric 
acid  has  been  added,  filter ; the  filtrate  is 
green  from  biliprasine. 

Evaporate  a third  portion  of  3 to  500  c.c. 
on  the  water-bath,  extract  with  alcohol ; 
search  for  biliary  acids,  tauro-  and  glyko- 
cholic. 
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4.  Take  1 c.c.  of  urine,  dilute  it  with  4 to  5 
c.  c.  of  water,  add  ^ a c.  c.  of  caustic  soda, 
and  one  drop  of  a very  dilute  solution  of 
copper  sulphate  ; boil ; a red  granular  pre- 
cipitate of  suboxyde  of  copper  indicates  the 
presence  of  sugar. 

5.  Immerse  in  the  urine  a piece  of  filter- 
paper  moistened  with  acetate  of  lead  solu- 
tion, if  the  lead  paper  turns  brown  or  black 
sulphuretted  hydrogen  is  present. 

6.  Evaporate  40  to  50  c.  c.  of  the  urine  to 
dryness,  ignite  the  residue  at  a moderate 
heat  till  all  the  charcoal  has  been  burnt 
off ; boil  the  residue  with  water  and  filter. 

a. — 1.  Acidify  a portion  of  the  filtrate 
with  hydrochloric  acid ; add  baryum 
chloride ; a white  precipitate  proves  the 
presence  of  sulphuric  acid. 

2.  Acidify  a second  portion  with  nitric 
acid,  add  a drop  of  silver  nitrate  ; a white 
curdy  precipitate  indicates  hydrochloric 
acid. 

3.  Acidify  a third  portion  with  acetic 
acid,  add  a little  ferric  chloride  solution,  a 
yellowish-white,  gelatinous  precipitate  in- 
dicates phosphoric  acid. 

4.  Evaporate  the  rest  to  dryness ; take 
up  a small  portion  on  the  end  of  a platinum 
wire  and  expose  in  a Bunsen  or  spirit  lamp 
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flame ; a vivid  yellow  colour  proves  the 
presence  of  sodium. 

5.  Dissolve  a portion  in  a little  water, 
add  a drop  or  two  of  solution  of  platinic 
chloride ; a yellow  crystalline  precipitate 
indicates  potassium. 

b.  Boil  the  residue  insoluble  in  water 
with  a little  dilute  hydrochloric  acid,  filter. 

1.  Boil  a portion  with  a drop  of  nitric 
acid,  add  some  potassium  sulphocyanide 
solution  ; a deep  red  colour  proves  presence 
of  iron. 

2.  Mix  the  rest  with  an  excess  of  sodium 
acetate,  add  an  excess  of  ammonium  oxa- 
late ; a white  precipitate  proves  the 
presence  of  calcium. 

3.  Filter  off  the  lime  precipitate,  add  to 
the  filtrate  ammonia;  a white  crystalline 
precipitate  indicates  the  presence  of 
phosphate  of  magnesia. 

7.  Add  to  50  or  100  c.  c.  of  the  fresh  urine 
contained  in  a flask,  a little  milk  of  lime, 
mix  and  cork  loosety,  suspending  a mois- 
tened red  litmus  paper  between  the  cork 
and  the  side  of  the  flask.  If  the  paper 
turns  blue  the  presence  of  ammonia  is 
proved. 

8.  Distil  some  urine  with  sulphuric  acid,  add 
to  the  distillate  a little  red  fuming  nitric 
acid,  and  then  shake  up  with  a drop  of 
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carbon  disulphide,  which,  if  iodine  be  pre- 
sent, will  be  coloured  pink. 

For  acetic,  benzoic  and  kryptophanic  acid,  and 
for  urochrome  and  its  products,  see  sepa- 
rate articles. 

Examination  of  the  Sediment. — Allow  any  sediment 
to  deposit  at  the  bottom  of  a conical  glass. 
Pour  off  as  much  of  the  liquid  as  possible, 
then  take  up  a little  sediment  with  a pipette,  place 
on  a glass  slide,  and  examine  with  the  micro- 
scope. 

A.  The  urine  is  acid. 

I.  The  whole  of  the  sediment  seems  amorphous. 

1.  On  gently  warming  the  whole  dissolves: 
urates ; confirm  by  adding  a drop  of  hydro- 
chloric acid ; leave  half  an  hour,  when,  if  uric 
acid  be  present,  it  will  have  crystallised  out 
in  rhombic  tables. 

Also  confirm  by  the  murexide  test. 

2.  The  sediment  does  not  dissolve  on  warmino-, 
but  dissolves  in  a drop  of  acetic  acid  without 
effervescence  ; presence  of  calcium  gihosgihate. 

3.  Glistening  drops  appear  in  the  sediment  and 
disappear  on  the  addition  of  ether : fat 
globules. 

II.  The  sediment  contains  well-formed  crystals. 

1.  Small,  glistening,  transparent  octohedra, 
insoluble  in  acetic  acid  : calcium  oxalate. 
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2.  4-sided  tables  or  6-sided  rhombic  plates 
often  appearing  grouped  in  bunches  of 
spindle-shaped  crystals  : uric  acid ; confirm  by 
the  murexide  test. 

3.  Regular  6-sided  tables  soluble  in  hydro- 
chloric acid  and  ammonia,  which  char  on 
heating.  Boil  with  caustic  soda  containing 
a drop  of  very  dilute  acetate  of  lead ; a black 
precipitate  of  sulphide  of  lead  confirms  the 
presence  of  cystine. 

4.  Wedge-shaped  prismatic  crystals,  some 
separate,  some  united,  to  form  a cross  : cal- 
cium phosphate. 

5.  Greenish-brown  grains  with  a radiating  crys- 
talline structure  : tyrosine. 

6.  Needles  or  rhombic  prisms  easily  soluble  on 
warming  : hippuric  acid. 

III.  The  sediment  contains  organised  bodies. 

1.  Twisted  fringy  bundles,  forming  points, 
grains,  &c.  : mucus. 

2.  Contracted  granular  bodies,  often  united  into 
a scale  pavement-like  mass  : mucus  cor- 
puscles. 

3.  Circular  biconcave  disks,  mostly  yellowish, 

which  swell  up  and  more  or  less  completely 
dissolve  in  acetic  acid : blood-corpuscles ; 

confirm  by  spectroscopic  reactions. 

4.  Round,  pale,  faintly-granular  vesicles,  of  dif- 
ferent sizes,  which  swell  up  considerably  in 
acetic  acid,  lose  their  outward  granular  sur- 
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face,  and  allow  an  inner  nucleus  of  different 
form  to  be  seen  : pus. 

5.  Cylindrical  masses  with  small  vesicles,  often 
mixed  with  blood-  and  pus-corpuscles : so- 
called  casts  of  the  tubules. 

a.  Casts  whose  roundish  nuclei  are  clearly 
visible  through  a delicate  surrounding 
mass : epithelial  casts  of  Bellini's  tubes , 
mostly  accompanied  by  the  nucleated, 
epithelial  cells  of  ureters  and  kidneys. 

b.  Solid  cylinders  of  thick,  granular,  nucle- 
ated nature  are  granular  renal  casts,  and 
often  contain  blood-  and  pus -corpuscles 
with  fat  globules,  crystals  of  calcium 
oxalate. 

c.  Pale,  transparent,  solid  cylinders,  only 
seen  with  great  difficulty  : hyaloid  casts. 

6.  Epithelial  cells. 

a.  Pavement  epithelium. 

b.  Epithelial  tubes. 

7.  Fermentation  and  thread  fibres. 

8.  Short  fine  rods,  threads,  or  square  lumps, 
moving  about  in  an  undulating  manner : 
Vibrios,  Spermatozoa,  Sarcina  ventriculi. 


. The  urine  is  alkaline. 

I.  Crystalline  sediment. 

1.  Rhombic  vertical  prisms  soluble  in  acetic  acid; 
on  mixing  with  a little  milk  of  lime  ammonia 
is  evolved:  ammonio-magnesian phosphate. 
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2.  Wedge-shaped  opaque  masses  giving  the 
murexide  reaction  : ammonia  urate. 

II.  Sediment  is  amorphous,  usually  calcium  phos- 
phate. 

III.  Sediment  contains  organised  bodies,  see 
above  under  A III. 

Urine  Oil  or  Essential  Oil  of  Urine. — 1.  The  distillate 
from  urine  with  sulphuric  or  phosphoric  acid  ( see 
Uromelanine ) must  be  neutralised  with  sodium  car- 
bonate, evaporated  to  a rather  low  bulk,  and  extracted 
repeatedly  with  small  quantities  of  ether. 

2.  The  aqueous  solution  contains  salts  of  volatile 
acids  (q.  v.). 

3.  Distil  off  the  ether  from  the  ethereal  solution ; a 
residue  of  essential  oil  will  remain,  with  a yellowish 
colour  and  a powerful  urinous  smell. 

4.  It  is  little  soluble  in  water,  becoming  milky  when 
mixed  with  it,  soluble  in  ether  and  alcohol. 

5.  Warm  with  mercuric  nitrate  solution ; a purple 
colour  will  be  produced. 

6.  Boil  with  silver  nitrate  ; no  reduction  will  take 
place. 

Urochrome. — 1.  Fresh  urine  is  treated  with  excess 
of  milk  of  lime  or  baryta,  allowed  to  stand,  and 
filtered.  To  the  filtrate  lead  acetate  with  a little 
ammonia  is  added  till  colourless,  and  the  preci- 
pitate well  washed  and  digested  with  cold  dilute 
sulphuric  acid  till  a filtered  sample  shows  an 
excess  of  sulphuric  acid  when  tested  with  baryum 
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chloride  and  hydrochloric  acid.  At  this  point  filter 
the  whole,  shake  the  filtrate  with  baryum  carbonate  to 
remove  the  sulphuric  acid,  add  a little  baryta  water, 
pass  carbonic  acid  through  the  liquid  and  filter  again. 
Precipitate  the  solution  with  mercuric  acetate,  wash 
the  precipitate  of  urochrome  mercury  very  thoroughly 
with  cold  and  hot  water,  decompose  it  by  sulphuretted 
hydrogen,  filter,  shake  the  filtrate  with  a little  fresh 
silver  oxyde  to  remove  hydrochloric  or  kryptophanic 
acid,  filter  ; again  decompose  by  sulphuretted  hydro- 
gen, and  evaporate  the  filtrate  to  dryness  in  vacuo 
over  sulphuric  acid.  A yellow  uncrystallisable  mass 
of  urochrome  remains. 

2.  Urochrome  is  easily  soluble  in  water  with  a 
yellow  colour,  very  little  soluble  in  alcohol,  soluble  in 
ether,  and  can  thereby  be  separated  from  kryptophanic 
acid,  which  is  insoluble  in  ether. 

3.  To  the  solution  in  water  add  lead  or  mercuric 
acetate  : a flaky  yellowish  precipitate  will  fall. 

4.  Add  silver  nitrate : a gelatinous  precipitate  solu- 
ble in  nitric  acid,  will  form. 

5.  Add  mercuric  nitrate  : a white  precipitate,  pale 
flesh-coloured  on  boiling,  will  be  produced. 

6.  The  aqueous  solution  on  standing  becomes  red 
and  deposits  resinous  flakes,  containing  uromelanine, 
uropittine,  omicholine,  and  omicholic  acid  {q.v).  This 
decomposition  is  hastened  by  boiling  and  by  acids. 

7.  Treat  acidified  extract  of  urine  by  ether,  and 
distil  the  latter.  Precipitate  the  residue  by  basic  lead 
acetate,  decompose  by  hydrothmn,  and  treat  urochrome 
as  above. 
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8.  Separate  kryptophanic  acid  by  dissolving  its 
lead-salt  in  excess  of  lead  acetate,  in  which  urochrome 
lead  is  insoluble. 


TJrocyanine. — Urine  from  cholera  patients  in  the 
early  stage  of  reaction,  is  cautiously  boiled  with  nitric 
acid.  A blue  colour  is  often  produced,  and  a blue 
deposit  sometimes  formed.  The  latter  is  soluble  in 
alcohol,  forming  a dichroic  purple  blue  solution  giving, 
before  the  spectroscope,  a broad  absorption  band  in 
yellow  and  green. 


AaBCD  EbF  G HH' 


Spectrum  of  choleraic  urocyanine. 


AaBCD  EbF  G HH' 


Spectrum  of  choleraic  urorubine. 


Uromelanine,  CggH^NyO^. — 1.  Evaporate  fresh  urine 
to  one  tenth,  filter,  evaporate  the  filtrate  to  a syrup,  and 
set  aside  to  crystallise.  Decant  the  mother  liquor, 
dilute  with  one  volume  of  water,  and  treat  with 
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calcined  magnesia  till  a filtered  sample  is  free  from 
phosplioric  acid.  Filter  the  whole,  and  to  the  solution 
add  some  concentrated  sulphuric  acid  drop  by  drop, 
shaking  well,  until  strongly  acid.  Filter  and  distil  in 
a retort  for  six  hours,  replacing  the  water  as  it  evapo- 
rates, and  adding  more  sulphuric  acid  if  necessary. 
The  distillate  will  contain  volatile  acids  (q.  v.)  and 
essential  oil  (q.  v .) 

2.  The  residue  in  the  retort  must  be  mixed  with  two 
volumes  of  water  and  allowed  to  stand.  A brown-red 
resinous  precipitate  will  be  formed.  Filter. 

3.  Evaporate  down  the  filtrate,  again  precipitate 
with  water  and  filter,  and  again  concentrate  and 
allow  to  stand ; crystals  of  hipjpuric  acid  will  probably 
be  deposited  (q.  v.). 

4.  The  resinous  precipitate  is  well  washed  with  cold, 
then  with  boiling,  water,  and  boiled  with  90%  alcohol. 
Omicholine,  omicholic  acid , and  uropittine  (q.  v.)  dissolve 
in  the  alcohol,  while  uromelanine  remains  as  an  in- 
soluble black  powder. 

5.  Wash  the  uromelanine  with  boiling  alcohol,  then 
with  water,  dissolve  in  very  weak  caustic  potash,  filter, 
acidify  with  dilute  sulphuric  acid,  wash  the  precipitate 
with  water  and  hot  alcohol,  and  dry. 

6.  Uromelanine  is  insoluble  in  water  and  dilute 
acids,  very  slightly  soluble  with  a red  colour  in  alcohol, 
extremely  soluble  with  a brown-black  colour  in 
alkalies. 

7.  Dissolve  in  acetic  acid,  and  add  to  the  solution 
mercuric  nitrate.  A red  precipitate  will  appear. 

8.  Dissolve  in  concentrated  sulphuric  acid,  mix  the 
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red  solution  with  water.  The  uromelanine  will  be 
completely  precipitated,  leaving  the  liquid  colourless. 
Allow  another  portion  of  the  red  solution  to  stand 
some  hours,  then  mix  with  water  ; a precipitate  will 
be  produced,  but  the  liquid  will  be  coloured. 

9.  Distil  dry  uromelanine  : a neutral  oily  distillate 
will  pass  over,  containing  no  aniline.  Add  a drop  of 
mercuric  nitrate ; a red  colour  and  precipitate  will  be 
produced. 


Uropittine. — 1.  The  matter  insoluble  in  ether  (see 
Omicholine)  must  be  boiled  with  absolute  alcohol  and 
filtered ; the  filtrate  on  cooling  will  deposit  uropittine 
in  granules,  which  may  be  purified  by  again  dissolving 
in  alcohol  and  cooling. 

2.  Uropittine  is  a brown  resin,  fusing  in  hot  water 
but  insoluble  in  it,  slightly  soluble  in  alcohol,  insoluble 
in  ether. 

3.  It  is  more  soluble  in  boiling  than  in  cold  alcohol, 
and  is  obtained  as  a resin  by  evaporation,  or  as  a 
powder  by  precipitation  with  ether  or  with  water. 

4.  Dissolve  in  little  ammonia,  and  add  calcium- 
chloride  : a reddish-brown  precipitate  of  uropittine- 
calcium  falls  down. 


Xanthine , C6H4N403. — 1.  From  Calculi.  Dissolve  a 
small  portion  of  a xanthine  calculus  in  caustic  potash, 
pass  carbonic  acid  through  the  solution,  and  wash  the 
precipitate  with  water. 
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2.  From  Urine. — Precipitate  with  baryta  water, 
filter,  evaporate  to  a syrup,  and  set  aside  to  crystallise. 
Remove  the  crystals,  dilute  the  mother  liquid,  and  boil 
with  cupric  acetate.  Wash  the  precipitate  thereby 
produced,  dissolve  in  warm  nitric  acid,  reprecipitate 
with  silver  nitrate,  wash  the  precipitate,  and  crystallise 
it  from  dilute  nitric  acid.  Wash  the  crystals  with 
ammoniacal  silver  solution,  decompose  by  sulphuretted 
hydrogen,  filter,  evaporate  to  a low  bulk,  and  wash 
with  a little  water  the  deposit  of  xanthine. 

3.  From  Flesh , Sfc. — Extract  the  pounded  substance 
successively  with  warm  alcohol  and  water,  evaporate 
the  mixed  extracts  and  filter,  precipitate  the  filtrate 
with  neutral  and  basic  lead  and  with  mercuric  acetate. 
Treat  the  precipitates  by  the  two  latter  with  hydro - 
thion  in  water,  filter,  and  evaporate.  Sarkine  and 
xanthine  will  be  deposited;  separate  by  crystallising 
from  hydrochloric  acid;  the  first  crystals  will  be 
xanthine  hydrochlorate,  while  the  mother  liquid  will 
contain  sarkine  (q.  v.).  Dissolve  the  former  in  caustic 
potash,  pass  carbonic  acid  in  excess  through  the  solu- 
tion, and  wash  the  precipitate  of  xanthine. 

4.  Xanthine  is  almost  insoluble  in  water,  in- 
soluble in  alcohol  and  ether.  From  hot  water  it 
separates  in  white  flocks.  An  aqueous  solution  rapidly 
decomposes.  It  is  nearly  insoluble  in  hydrochloric 
acid. 

5.  Heat  a little  dry  xanthine  in  a tube ; it  will 
evolve  ammonium  carbonate  and  cyanide,  and  a fetid 
oil. 

6.  Dissolve  xanthine  in  hot  ammonia ; on  cooling 
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crystals  of  a compound  of  xantliine  and  ammonia  will 
be  formed. 

7.  Dissolve  xanthine  in  hot  hydrochloric  acid. 
When  cool  add  platinic  chloride  ; a yellow  crystalline 
precipitate  of  a double  salt  will  ensue. 

8.  To  a dilute  solution  of  xanthine  in  nitric  acid, 
add  silver  nitrate  ; no  precipitate  will  be  produced  (see 
hypoxanthine) . 

9.  Xanthine  is  soluble  in  concentrated  sulphuric 
acid,  and  the  solution  is  not  precipitated  by  water. 

10.  To  a solution  of  xanthine  in  water  add  mercuric 
chloride  or  cupric  acetate ; a precipitate,  white  in  the 
first  case,  green  in  the  second,  will  be  formed. 

11.  Dissolve  a very  little  sodium  in  mercury,  and 
place  in  an  aqueous  solution  of  xanthine ; the  latter 
will  be  gradually  reduced  to  hypoxanthine. 
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Acetic  acid,  61 
Albumen  of  eggs,  63 

„ serum,  33,  83 
Alcohol,  65 
Allantoine,  56,  67 
Alloxan,  59,  67 
Amyloid  substance,  5,  69 
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Beef  tea,  37 
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Biliary  function,  14 
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Bilirubine,  18,  76 
Biliverdine,  18,  77 
Blood,  system.  Analysis,  79 
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Brain,  40,  85 
Breatb,  57 
Butyric  acid,  90 
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„ intestinal,  94 
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„ urinary,  94 
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Choline,  18,  41,  141 
Cholocyanine,  78 
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Chondrine,  103 
Chyle,  26,  105 
Chyme,  11,  106 
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Cornea,  45 
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Cystine,  111 
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Fatty  degeneration,  25 
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Osseine,  46,  120 
Osteomalacia,  47 
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Pancreas,  52 
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Rkackitis,  47 

Saliva,  1,  166 
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Synovia,  45, 170 
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Taurine,  17,  171 
Taurocholic  acid,  17,  171 
Teetli,  47 
Thymus,  50 
Thyroid,  51 
Trimethylamine,  172 
Tyrosine,  172 
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„ oil,  186 
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Urocyanine,  188 
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M.A.  Royal  Svo.  price  10s. 

The  History  of  England,  from  the 
Earliest  Times  to  the  Year  1805.  By  C.  D. 
Yoxge,  Regius  Professor  of  Modern  History 
in  Queen’s  College,  Belfast.  NeYv  Edition. 
CroYvn  Svo.  7s.  0 i. 

Lectures  on  the  History  of  Eng- 
land, from  the  Earliest  Times  to  the  Death 
j of  King  Edward  II.  By  William  Long  ■ 
man.  With  Maps  and  Illustrations.  Svo.  15s. 

| The  History  of  the  Life  and  Times 

of  Edward  the  Third.  By  William 
Longman.  With  9 Maps,  8 Plates,  and 
10  Woodcuts.  2 Y’ols.  8vo.  28s. 

History  of  Civilization  in  England 

and  France,  Spain  and  Scotland.  Bv 
IIenry  Thomas  Buckle.  New  Edition 
of  the  entire  work,  Yvith  a complete  Index. 

3 Y'ols.  croYvn  8vo.  24*. 
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realities  of  Irish  Life.  By  W. 
Steuaiit  Trench,  Land  Agent  in  Ireland 
to  the  Marquess  of  Lansdowne,  the  Mar- 
quess of  Bath,  and  Lord  Digby.  Fifth 
Edition.  Crown  8vo.  Os. 

The  Student’s  Manual  of  the 

History  of  Ireland.  By  M.  F.  Cusack, 
Authoress  of  ‘The  Illustrated  History  of 
Ireland.’  Grown  8vo.  price  6s. 

A Student’s  Manual  of  the  His- 
tory of  India,  from  the  Earliest  Period  to 
the  Present.  By  Colonel  Meadows  Tay- 
lor, M.R.A.S.  M.R.I.A.  Crown  8vo.  with 
Maps,  7s.  Gd. 

The  History  of  India,  from  the 
Earliest  Period  to  the  close  of  Lord  Dal- 
liousie’s  Administration.  By  John  Clark 
Marshjian.  3 vols.  crown  8vo.  22s.  Gd. 

Indian  Polity : a View  of  the  System 
of  Administration  in  India.  By  Liout.-Col. 
George  Chesxey.  Second  Edition,  re- 
vised, with  Map.  8vo.  21s. 

Recreations  of  an  Indian  Official. 

By  Lieutenant-Colonel  Malleson,  Bengal 
Staff  Corps;  Guardian  to  liis  Highness  the 
Maharaja  of  Mysore.  Crown  8vo.  12s.  Gd. 

An  Historical  View  of  Literature 

and  Art  in  Great  Britain  from  the  Acces- 
sion of  the  House  of  Hanover  to  the  Reign 
of  QueenVictoria.  By  J.  Murray  Graham, 
M.A.  8ve.  price  14s. 

Waterloo  Lectures:  a Study  of  the 
Campaign  of  1815.  By  Colonel  Charles 
C.  Chesney,  R.E.  late  Professor  of  Military 
Art  and  History  in  the  Staff  College.  Second 
Edition.  8vo.  with  Map,  10s.  Gd. 

The  Overthrow  of  the  Germanic 

Confederation  by  Prussia  in  1866.  By  Sir 
A.  Malet,  Bart.  Iv.B.C.  late  H.B.M. Envoy 
and  Minister  at  Frankfort.  With  5 Maps. 
8vo.  18s. 

Chapters  from  French  History ; 

St.  Louis,  Joan  of  Arc,  Henri  IV.  with 
Sketches  of  the  Intermediate  Periods.  By 
J.  IT.  Gurney,  M.A.  New  Edition.  Fcp. 
8vo.  6s.  Gd. 

History  of  the  Reformation  in 

Europe  in  the  Time  of  Calvin.  By  J.  II. 
Merle  D/Aubigne,  D.D.  Vols.  I.  and 
II.  8vo.  28s.  Vol.  III.  12s.  Vol.  IV.  price 
16s.  and  Vol.  V.  price  16s. 

Royal  and  Republican  France. 

A Series  of  Essays  reprinted  from  the 
‘Edinburgh,’ ‘Quarterly,’  and  ‘British  and 
Foreign  ’ Reviews.  By  Henry  Reeve, 
C.B.  D.C.L.  2 vols.  8vo.  price  2ls. 


Home  Politics  : being  a Consideration 
of  the  Causes  of  the  Growth  of  Trade  in 
relation  to  Labour,  Pauperism,  and  Emi- 
gration. By  Daniel  Grant.  8yo.  7s. 

The  Oxford  Reformers— John  Colet, 
Erasmus,  and  Thomas  More;  being  a His- 
tory of  their  Fellow- Work.  By  Frederic 
Seebohm.  Second  Edition.  8vo.  14s. 
The  History  of  Greece.  By  C.  Tiiirl- 
wall,  D.D.  Lord  Bishop  of  St.  David’s. 
8 vols.  fcp.  28s. 

The  Tale  of  the  Great  Persian 

War,  from  the  Histories  of  Herodotus.  By 
George  W.  Cox,  M.A.  late  Scholar  of 
Trin.  Coll.  Oxon.  Fcp.  3s.  Gd. 

Greek  History  from  Themistocles 

to  Alexander,  in  a Series  of  Lives  from 
Plutarch.  Revised  and  arranged  bv  A.  II. 
Clough.  Fcp.  with  44  Woodcuts,  6s. 

Critical  History  of  the  Lan- 
guage and  Literature  of  Ancient  Greece. 
By  William  Mure,  of  Caldwell.  5 vols. 
8vo.  £3  9s. 

History  of  the  Literature  of 

AncicntGrcece.  By  Professor  K.O.  MUller. 
Translated  by  Lewis  and  Donaldson. 
3 vols.  8vo.  2 Is. 

The  History  Of  Rome.  By  Wilhelm 
Iiine.  English  Edition,  translated  and 
revised  by  the  Author.  Vols.  I.  and  II. 
8vo.  30s. 

History  of  the  City  of  Rome  from 

its  Foundation  to  the  Sixteenth  Century  of 
the  Christian  Era.  By  Thomas  H.  Dyer, 
LL.D.  8vo.  with  2 Maps,  15s. 

History  of  the  Romans  under 

the  Empire.  By  Very  Rev.  Charles 
Merivale,  D.C.L.  Dean  of  Ely.  8 vols.  post 
8vo.  price  48s. 

The  Fall  of  the  Roman  Re- 
public ; a Short  History  of  the  Last  Cen- 
tury of  the  Commonwealth.  By  the  same 
Author.  12mo.  7s.  Gd. 

Historical  and  Chronological 

Encyclopaedia ; comprising  Chronological 
Notices  of  all  the  Great  Events  of  Universal 
History,  including  Treaties,  Alliances, 
Wars,  Battles,  &c. ; Incidents  in  the  Lives 
of  Eminent  Men,  Scientific  and  Geogra- 
phical Discoveries,  Mechanical  Inventions, 
and  Social,  Domestic,  and  Economical  Im- 
provements. By  the  late  B.  B.  Woodward, 
B.A.  and  W.  L.  E.  Cates.  1 vol.  8vo. 

[/«  the  press. 

Three  Centuries  of  Modern  His- 
tory. By  Charles  Duke  Yonge,  Regius 
Professor  of  Modern  History  and  English 
Literature  in  Queen’s  College,  Belfast. 
Crown  8vo.  7s.  Gd. 
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History  of  European  Morals  from 

Augustus  to  Charlemagne.  By  W.  E.  II. 
Lucky,  M.A.  2 vols.  Svo.  price  28s. 
History  of  the  Rise  and  Influence  of 
the  Spirit  of  Rationalism  in  Europe.  By 
the  same  Author.  Cabinet  Edition  (the 
Fourth).  2 vols.  crown  Svo.  price  16s. 

Essays  on  Historical  Truth.  By 

Andrew  Bisset.  8vo.  14s. 

God  in  History ; or,  the  Progress  of 
Man’s  Faith  in  the  Moral  Order  of  the 
World.  By  the  late  Baron  Bunsen.  Trans- 
lated from  the  German  by  Susanna  Wink- 
worth  ; with  a Preface  by  Dean  Stanley 
3 vols.  8vo.  42s. 

Socrates  and  the  Soeratic  Schools. 

Translated  from  tbe  German  of  Dr.  E.  Zel- 
ler, with  the  Author’s  approval,  by  the 
Rev.  Oswald  J.  Reiciiel,  B.C.L.  and  M.A. 
Crown  8vo.  8s.  €</. 

The  Stoics,  Epicureans,  and 

Sceptics.  Translated  from  the  German  of 
Dr.  E.  Zeller,  with  the  Author’s  approval, 
by  Oswald  J.  Reiciiel,  B.C.L.  and  M.A. 
Crown  Svo.  14s. 

Saint-Simon  and  Saint-Simonism; 

a Chapter  in  the  History  of  Socialism  in 
France.  By  Arthur  J.  Booth,  M.A. 
Crown  8 vo.  price  7s.  62. 

The  History  of  Philosophy,  from 

Thales  to  Comte.  By  George  Henry 
Leaves.  Fourth  Edition,  corrected,  and 
partly  rewritten.  2 vols.  Svo.  32s. 


The  Mythology  of  the  Aryan 

Nations.  By  George  W.  Cox,  M.A.  late 
Scholar  of  Trinity  College,  Oxford.  2 vols. 
8vo.  price  28s. 

The  English  Reformation.  By 

F.  C.  Massing  herd,  M.A.  Chancellor  of 
Lincoln.  -1th  Edition,  revised.  Fcp.  7s.  6d. 

Maunder’s  Historical  Treasury  ; 

comprising  a General  Introductory  Outline 
of  Universal  History,  and  a Series  of  Sepa- 
rate Histories.  Fcp.  Gs. 

Critical  and  Historical  Essays 

contributed  to  the  Edinburgh  Review  by 
the  Right  Hon.  Lord  Macaulay  : — 
Student’s  Edition,  crown  Svo.  6s. 
People’s  Edition,  2 vols.  crown  8vo.  8s. 
Cabinet  Edition,  4 vols.  24s. 

Library  Edition,  3 vols.  Svo.  36s. 

History  of  the  Early  Church, 

from  the  First  Preaching  of  the  Gospel  to 
the  Council  of  Nicaea,  a.d.  325.  By  the 
Author  of  •' Amy  Herbert.’  New  Edition. 
Fcp.  4s.  6 c/. 

Skotch  of  the  History  of  the 

Church  of  England  to  the  Revolution  of 
1688.  By  the  Right  Rev.  T.  V.  Si:  bt, 
D.D.  Lord  Bishop  of  St.  Asaph.  Eighth 
Edition.  Crown  Svo.  7s.  6c/. 

History  of  the  Christian  Church, 

from  the  Ascension  of  Christ  to  the  Conver- 
sion of  Constantine.  By  II.  Burton,  D.D. 
late  Regius  Prof,  of  Divinity  in  the  Uni- 
versity of  Oxford.  Fcp.  3s.  6c/. 


Biographical  Works. 


Autobiography  of  John  Milton; 

or,  Milton’s  Life  in  his  own  Words.  By 
the  Rev.  James  J.  G.  Graiiam,  M.A. 
Crown  Svo.  with  Vignette-Portrait,  price  5s. 

Recollections  of  Past  Life.  By 

Sir  Henry  Holland,  Bart.  M.D.  F.R.S., 
&c.  Physician-in-Ordinary  to  the  Queen. 
Second  Edition.  Post  8vo.  10s.  6c/. 

A Memoir  of  Daniel  Maelise, 

R.A.  By  W.  Justin  O’Driscoll, 
M.R.I.A.  Barrister-at-Law.  With  Portrait 
and  Woodcuts.  Post  Svo.  price  7s.  6 d. 

Memoirs  of  the  Marquis  of 

Pombal;  with  Extracts  from  his  Writings 
and  from  Despatches  in  the  State  Tapers 
Office.  By  the  Conde  Da  Carnota.  New 
Edition.  8vo.  price  7s. 

Reminiscences  of  Fifty  Years. 

By  Mark  Boyd.  Post  8vo.  price  10s.  6 d. 


The  Life  of  Isambard  Kingdom 

Brunei,  Civil  Engineer.  By  Isambard 
Brunei,,  B.C.L.  of  Lincoln’s  Inn,  Chan- 
cellor of  the  Diocese  of  Ely.  Por- 

trait, Plates,  and  Woodcuts.  Svo.  21s. 

Lord  George  Bentinck  ; a Political 
Biography.  Bv  the  Right  lion.  B.  Dis- 
raeli, M.P.  Eighth  Edition,  revised,  with 
a new  Preface.  Crown  Svo.  6s. 

The  Life  and  Letters  of  the  Rev. 

Sydney  Smith.  Edited  by  his  Daughter, 
Lady  Holland,  and  Mrs.  Austin.  New 
Edition,  complete  in  Oue  Volume.  Crown 
Svo.  price  6s. 

Some  Memorials  of  R.  D.  Hamp- 
den, Bishop  of  Hereford.  Edited  by  his 
Daughter,  Henrietta  Hampden.  8vo. 
with  Portrait,  price  12s. 
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The  Life  and  Travels  of  George 

Whitefield,  M.A.  By  James  Paterson 
Gledstone.  8vo.  price  14s. 

Memoir  of  Pope  Sixtus  the  Fifth. 

By  Baron  Hubner.  Translated  from  the 
Original  in  French,  with  the  Author’s 
sanction,  by  Hubert  E.  II.  Jkiiningiiam. 

2 vols.  8vo.  24s.  [ Nearly  ready. 

The  Life  and  Letters  of  Faraday. 

By  Or.  Bence  Jones,  Secretary  of  the 
Royal  Institution.  Second  Edition,  with 
Portrait  and  Woodcuts.  2 vols.  Svo.  28s. 

Faraday  as  a Discoverer.  By  John 
Tyndall,  LL.D.  F.R.S.  New  and  Cheaper 
Edition,  with  Two  Portraits.  Fcp.  Svo. 
price  3s.  G d. 

The  Royal  Institution  : its  Founder 
and  its  First  Professors.  By  Dr.  Bence 
Jones,  Honorary  Secretary.  Tost  Svo. 
price  12s.  G d. 

Leaders  of  Public  Opinion  in  Ire- 
land ; Swift,  Flood,  Grattan,  O'Connell. 
By  W . E.  II.  Lecky,  M.A.  New  Edition, 
revised  and  enlarged.  Crown  8vo.  7s.  Gd. 

A Group  of  Englishmen  (179,3  to 
1815);  Records  of  the  Younger  Wedgwoods 
and  their  Friends,  embracing  the  History  of  I 
the  Discovery  of  Photography.  By  Eli/.a  | 
Meteyard.  8vo.  lGs. 

Life  of  the  Duke  of  Wellington. 

By  the  Rev.  G.  R.  Gleig,  M.A.  Popular 
Edition,  carefully  revised ; with  copious 
Additions.  Crown  Svo.  with  Portrait,  os. 

History  of  my  Religious  Opinions. 

By  J.  H.  Newman,  D.D.  Being  the  Sub- 
stance of  Apologia  pro  Vita  Sua.  Post  Svo. 
price  6s. 


Father  Mathew ; a Biography. 

By  John  Francis  Maguire,  M.P.  Popular 
Edition,  with  Portrait.  Crown  8vo.  3s.  Gd. 

Dictionary  of  General  Biography; 

containing  Concise  Memoirs  and  Notices  of 
the  most  Eminent  Persons  of  all  Countries, 
from  the  Earliest  Ages  to  the  Present  Time! 
Edited  by  William  L.  R.  Cates.  8vo. 
price  21s. 

Letters  and  Life  of  Francis 

Bacon,  including  all  his  Occasional  Works. 
Collected  and  edited,  with  a Commentary, 
by  J.  Shedding.  Vols.  I.  & II.  8vo.  24s! 
Vols.  III.  & IV.  24s.  Vol.  V.  12s. 

Felix  Mendelssohn’s  Letters  from 

Italy  and  Switzerland,  and  Letters  from 
1833  to  1847,  translated  by  Lady  Wallace. 
M ith  Portrait.  2 vols.  crown  8vo.  5s.  each. 

Memoirs  of  Sir  Henry  Havelock, 

K.G.B.  By  John  Clark  Marsiiman. 
People’s  Edition,  with  Portrait.  Crown  Svo. 
price  3s.  Gd. 

Essays  in  Ecclesiastical  Biogra- 
ph)'. By  the  Right  Hon.  Sir  J.  Stehilen, 
LL.D.  Cabinet  Edition.  Crown  8vo.  7s.  Gd. 
Vicissitudes  of  Families.  By  Sir 

J.  Bernard  Burke,  C.B.  Ulster  Kincr  of 
Arms.  New  Edition,  remodelled  and  en- 
larged. 2 vols.  crown  8vo.  21s. 

Lives  of  the  Queens  of  England. 

By  Agnes  Strickland.  Library  Edition, 
newly  revised ; with  Portraits  of  every 
Queen,  Autographs,  and  Vignettes.  8 vols. 
post  8vo.  7s.  Gd.  each. 

Maunder’s  Biographical  Trea- 
sury. Thirteenth  Edition,  reconstructed  and 
partly  re-written,  with  above  1,000  additional 
Memoirs,  by  W.  L.  R.  Cates.  Fcp.  6s. 


Criticism , Philosophy , Polity , §c. 


Oq  Representative  Government. 

By  John  Stuaiit  Mill.  Third  Edition. 
Svo.  9s.  crown  8vo.  2s. 

On  Liberty.  By  the  same  Author.  Fourth 
Edition.  Tost  Svo.  7s.  Gd.  Crown  Svo. 
Is.  Ad. 

Principles  of  Political  Economy.  By  the 

same.  Seventh  Edition.  2 vols.  Svo.  80s.  or 
in  t vol.  crown  8vo.  5s. 

Utilitarianism.  Bythesame.  4th Edit. Svo. 5s. 
Dissertations  and  Discussions.  By  the 
same  Author.  Second  Edition.  3 vols.  Svo. 
price  36s. 

Examination  of  Sir  W.  Hamilton’s 

Philosophy,  and  of  the  principal  Philoso- 
phical Questions  discussed  in  his  Writings. 
Bythesame.  Third  Edition.  Svo.  16s. 


The  Subjection  of  Women.  By 

John  Stuart  Mill.  New  Edition.  Post 
Svo  5s. 

Analysis  of  the  Phenomena  of 

the  Human  Mind.  By  James  Mill.  A 
New  Edition,  with  Notes,  Illustrative  and 
Critical,  by  Alexander  Bain,  Andrew 
Findlater,  and  George  Quote.  Edited, 
with  additional  Notes,  by  John  Stuart 
Mill.  2 vols.  Svo.  price  28s. 

The  Elements  of  Political  Eco- 
nomy. By  Henry  Dunning  Maci.eod, 
M.A.  Barrister-at-Law.  Svo.  16s. 

A Dictionary  of  Political  Economy  ; 
Biographical,  Bibliographical,  Historical, 
and  Practical.  By  the  same  Author.  Vol. 
I.  royal  8vo.  30s. 
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A Colonist  on  the  Colonial  Ques- 
tion. By  John  Mathews,  of  Toronto, 
Canada.  Post  8vo.  6s. 

Lord  Bacon’s  Works,  collected 

and  edited  by  R.  L.  Elus,  M.A.  J.  Sped- 
dixg,  M.A.  and  D.  D.  Heath.  New 
and  Cheaper  Edition.  7 vols.  8vo.  price 
£3  13s.  Gd. 

A System  of  Logic,  Ratiocinative 

and  Inductive.  By  John  Stuart  Mill. 
Seventh  Edition.  2 vols.  8vo.  25s. 

The  Institutes  of  Justinian;  with 

English  Introduction,  Translation,  and 
Notes.  By  T.  C.  San  da  its,  M.A.  Barristcr- 
at-Law.  New  Edition.  8vo.  15s. 

The  Ethics  of  Aristotle ; with  Essays 
and  Notes.  By  Sir  A.  Grant,  Bart.  M.A. 
LL.D.  Second  Edition,  revised  and  com- 
pleted. 2 vols.  Svo.  price  28s. 

The  Nicomaehean  Ethics  of  Aris- 
totle. Newly  translated  into  English.  By 
1!.  Williams,  B.A.  Fellow  and  late  Lec- 
turer Merton  College,  Oxford.  8vo.  12s. 

B aeon’s  Essays,  with  Annotations. 

By  R.  Wiiately,  D.D.  late  Archbishop  of 
Dublin.  Sixth  Edition.  8vo.  10s.  Gd. 

Elements  of  Logic.  By  E.  Wiiately, 
D.D.  late  Archbishop  of  Dublin.  New 
Edition.  Svo.  10s.  Gd.  crown  Svo.  4s.  Gd. 

Elements  of  Khetorie.  By  the  same 
Author.  New  Edition.  8vo.  10s.  6d,  Crown 
8 vo.  4s.  Gd. 

English  Synonymes.  ByE.  JaneWhately. 
Edited  by  Archbishop  Wiiately.  5th 
Edition.  Fcp.  3s. 

An  Outline  of  the  Necessary 

Laws  of  Thought : a Treatise  on  Pure  and 
Applied  Logic.  By  the  Most  Rev.  W. 
Thomson,  D.D.  Archbishop  of  York.  Ninth 
Thousand.  Crown  8vo.  5s.  Gd. 

The  Election  of  Representatives, 

Parliamentary  and  Municipal ; a Treatise. 
By  Thomas  HARE,Barrister-at-Law.  Third 
Edition,  with  Additions.  Crown  8vo.  6s. 

Speeches  of  the  Right  Hon.  Lord 

Macaulay,  corrected  by  Himself.  People's 
Edition,  crown  Svo.  3s.  Gd. 

Lord  Macaulay’s  Speeches  on 

Parliamentary  Reform  in  1831  and  1832. 
16mo.  price  One  Shilling. 

Walker’s  Pronouncing  Diction- 
ary of  the  English  Language.  Thoroughly- 
revised  Editions,  by  B.  II.  Smart.  8vo. 
12s.  16mo.  6s. 


A Dictionary  of  the  English 

Language.  By  R.  G.  Latham,  M.A.  M.D. 
F.R.S.  Founded  on  the  Dictionary  of  Dr.  S. 
Johnson,  as  edited  by  the  Rev.  II.  J.  Todd, 
with  numerous  Emendations  and  Additions. 
4 vols.  4to.  price  £7. 

Thesaurus  of  English  Words  and 

Phrases,  classified  and  arranged  so  as  to 
facilitate  the  expression  of  Ideas,  and  assist 
in  Literary  Composition.  By  P.  M.  Roget, 
M.D.  New  Edition.  Crown  8vo.  10s.  Gd. 

Three  Centuries  of  English  Lite- 
rature. Bv  Charles  Duke  Yoxge,  Regius 
Professor  of  Modern  History  and  English 
Literature  in  Queen’s  College,  Belfast. 
Croivn  8vo.  7s.  Gd. 

Lectures  on  the  Science  of  Lan- 
guage. By  F.  Max  Muller,  M.A.  &c. 
Foreign  Member  of  the  French  Institute. 
Sixtli  Edition.  2 vols.  croivn  8vo  price  16s. 

Chapters  on  Language.  By  F.  W. 

Farrar,  M.A.  F.R.S.  Head  Master  of 
Marlborough  College.  Croivn  8vo.  8s.  Gd. 

Southey’s  Doctor,  complete  in  One 
Volume,  edited  by  the  Rev.  J.  W.  Warter, 
B.D.  Square  crown  8vo.  12s.  Gd. 

Historical  and  Critical  Common. 

tary  on  the  Old  Testament;  with  a New 
Translation.  By  M.  M.  Kaliscii,  Ph.D 
^ ol.  I.  Genesis,  8vo.  18s.  or  adapted  for  the 
General  Reader,  12s.  Yol.  II.  Exodus,  15s. 
or  adapted  for  the  General  Reader,  12s. 
Yol  III.  Leviticus,  Part  I.  15s.  or  adapted 
for  the  General  Reader,  8s.  Vol.  IV.  Levi- 
ticus, Part  II.  15s.  or  adapted  for  the 
General  Reader,  8s. 

A Hebrew  Grammar,  with  Exercises. 
By  the  same.  Part  I.  Outlines  with  Exer- 
cises, 8vo.  12s.  Gd.  Key,  5s.  Part  II.  Ex- 
ceptional Forms  and  Constructions,  12s.  Gd. 

Manual  of  English  Literature, 

Historical  and  Critical : with  a Chapter  on 
English  Metres.  By  Thomas  Arnold,  M.A. 
Second  Edition.  Crown  Svo.  7s.  6</. 

A Latin-English  Dictionary.  By 

John  T.  White,  D.D.  Oxon.  and  J.  E. 
Riddle,  M.A.  Oxon.  Third  Edition,  re- 
vised. 2 vols.  4to.  pp.  2,128,  price  42s. 

White’s  College  Latin-English  Diction- 
ary (Intermediate  Size),  abridged  from  the 
Parent  \\  ork  for  the  use  of  University 
Students.  Medium  Svo.  pp.  1,048,  price  18s. 

White’s  Junior  Student’s  Complete 
Latin-English  and  English -Latin  Dictionary. 
Revised  Edition.  Square  12mo.  pp.  1,058, 
price  12s. 

Separately  ~nglish-Latix,  5s.  Gd. 

" (Latin-English,  7s.  Gd. 
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An  English.-  Greek  Lexicon,  con- 
taining all  the  Greek  Words  used  by  Writers 
of  good  authority.  By  C.  D.  Yoxge,  B.A. 
New  Edition.  4to.  21  s. 

Mr.  Yongo’s  ITew  Lexicon,  En- 
glish and  Greek,  abridged  from  his  larger 
work  (as  above).  Square  12mo.  8s.  C d. 

The  Ivlastory  of  Languages;  or, 

the  Art  of  Speaking  Foreign  Tongues 
Idiomatically.  By  Thomas  Phendergast, 
late  of  the  Civil  Service  at  Madras.  Second 
Edition.  8vo.  6s. 

A Greek-English  Lexicon.  Com- 
piled by  II.  G.  Liddell,  D.D.  Dean  of 
Christ  Church,  and  R.  Scott,  D.D.  Dean 
of  Rochester.  Sixth  Edition.  Crown  4to. 
price  36s. 

A Lexicon,  Greek  and  English, 

abridged  for  Schools  from  Liddell  and 
Scott’s  Greek-English  Lexicon.  Fourteenth 
Edition.  Square  12mo.  7s.  6</. 


A Practical  Dictionary  of  the 

French  and  English  Languages.  By  Pro- 
fessor Leon  Coxtanseau,  many  years 
French  Examiner  for  Military  and  Civil 
Appointments,  &c.  New  Edition,  carefully 
revised.  Post  8vo.  10s.  6 cl. 

Contanseau’s  Pocket  Dictionary, 

French  and  English,  abridged  from  the 
Practical  Dictionary,  by  the  Author.  New 
Edition.  ISmo.  price  3s.  6c/. 

A Sanskrit-English  Dictionary. 

The  Sanskrit  words  printed  both  in  the 
original  Devanagari  and  in  Roman  letters  ; 
with  References  to  the  Best  Editions  of 
Sanskrit  Authors,  and  with  Etymologies 
and  comparisons  of  Cognate  Words  chiefly 
in  Greek,  Latin,  Gothic,  and  Anglo-Saxon. 
Compiled  by  T.  Bex  fey.  8vo.  52s.  6 d. 

blew  Practical  Dictionary  of  the 

German  Language;  German-English,  and 
English-German.  By  the  Rev.  W.  L. 
Blackley,  M.A.  and  Dr.  Carl  Martin 
Fkiedlaxder.  Post  8vo.  7s.  6c/. 


Miscellaneous  Works  and  Popular  Metaphysics. 


The  Essays  and  Contributions  of 

A.  K.  H.  B.  Uniform  Editions : — 

Recreations  of  a Country  Parson. 
First  and  Second  Series,  3s.  6 cl.  each. 

The  Commonplace  Philosopher  in 
Town  and  Country.  Crown  8vo.  3s.  6 d. 

Leisure  Hours  in  Town ; Essays  Consola- 
tory, iEsthetical,  Moral,  Social,  and  Domestic. 
Crown  8vo.  3s.  6 d. 

The  Autumn  Holidays  of  a Country 
Parson.  Crown  8vo.  3s.  Gd. 

The  Graver  Thoughts  of  a Country 
Parson.  First  and  Second  Series,  crown 
8vo.  3s.  Gc?.  each. 

Critical  Essays  of  a Country  Parson, 

selected  from  Essays  contributed  to  Fraser’s 
Magazine.  Crown  8vo.  3s.  Gd. 

Sunday  Afternoons  at  the  Parish 
Church  of  a Scottish  University  City. 
Crown  8vo.  3s.  Gd. 

Lessons  of  Middle  Age,  with  some 
Account,  of  various  Cities  and  Men. 
Crown  8vo.  3s.  Gd. 

Counsel  and  Comfort  Spohen  from  a 
City  Pulpit.  Crown  8vo.  3s.  Gd. 

Changed  Aspects  of  Unchanged 

Truths ; Memorials  of  St.  Andrews  Sundays. 
Crown  8vo.  3s.  6c/. 

Present-Day  Thoughts;  Memorials  of 
St.  Andrews  Sundays.  Crown  8vo.  3s.  Gd. 


Short  Studies  on  Great  Subjects. 

By  James  Anthony  Froude,  M.A.  late 
Fellow  of  Exeter  College,  Oxford.  2 vols. 
8vo.  24s. 

Lord  Macaulay’s  Miscellaneous 

Writings: — 

Library  Edition,  2 vols.  Svo.  Portrait,  21s. 
People’s  Edition,  1 vol.  crown  Svo.  4s.  Gd. 

Lord  Macaulay’s  Miscellaneous 

Writings  and  SrEEi ties.  Student’s  Edition, 
in  One  Volume,  crown  8vo.  price  6s. 

The  Rev.  Sydney  Smith’s  Mis- 
cellaneous Works,  including  Peter  Plymley's 
Letters,  Articles  contributed  to  the  Edin- 
burgh Review,  Letters  to  Archdeacon  Single- 
ton,  aud  other  Miscellaneous  Writings.  1 
vol.  crown  8vo.  6s. 

The  Wit  and  Wisdom  of  the  Rev. 

Sydney  Smith  ; a Selection  of  the  most 
memorable  Passages  in  his  Writings  and 
Conversation.  Crown  8vo.  3s.  Gd. 

The  Eclipse  of  Faith ; or,  a Visit  to  a 
Religious  Sceptic.  By  IIenry  Rogers. 
Twelfth  Edition.  Fcp.  Svo.  5s. 

Defence  of  the  Eclipse  of  Faith,  by  its 
Author.  Third  Edition.  Fcp.  Svo.  3s.  Gd. 

Selections  from  the  Correspondence 

of  It.  E.  H.  Greyson.  By  the  same  Author. 
Third  Edition.  Crown  8vo.  7s.  Gd. 


NEW  WORKS  published  BY  LONGMANS  and  CO. 


Families  of  Speech,  Four  Lectures 
delivered  at  the  Royal  Institution  of  Great 
Britain.  By  the  Rev.  F.  W.  Farrar, 
M.A.  F.R.S.  Tost  8vo.  with  2 Maps,  5s.  C d. 

Chips  from  a German  Workshop  ; 

being  Essays  on  the  Science  of  Religion, 
and  on  Mythology,  Traditions,  and  Customs. 
By  F.  Max  Muller,  M.A.  Ac.  Foreign 
Member  of  the  French  Institute.  3 vols. 
8vo.  £2. 

An  Introduction  to  Mental  Phi- 
losophy, on  the  Inductive  Method.  By 
J.  D.  Mobell,  M.A.  LL.D.  8vo.  12s. 

Elements  of  Psychology,  containing  the 
Analysis  of  the  Intellectual  Powers.  By 
the  same  Author.  Post  8vo.  7s.  Gd. 

The  Secret  of  Hegel:  being  tho 
Hegelian  System  in  Origin,  Principle,  Form, 
and  Matter.  By  James  Hutchison  Stir- 
ling. 2 vols.  8vo.  28s. 

Sir  William  Hamilton;  being  the  Philo- 
sophy of  Perception : an  Analysis.  By  the 
same  Author.  8vo.  5s. 

The  Senses  and  the  Intellect. 

By  Alexander  Bain,  LL.D.  Prof,  of  Logic 
in  the  Univ.  of  Aberdeen.  Third  Edition.  ! 
8vo.  15s. 

Mental  and  Moral  Science : a 

Compendium  of  Psychology  and  Ethics. 
By  Alexander  Bain,  LL.D.  Second 
Edition.  Crown  8vo.  10s.  Gd. 

The  Theory  of  Practice ; an  Ethical 
Inquiry.  By  Siiadwortii  H.  Hodgson,  j 
2 vols.  8vo.  price  24s. 


Ueberweg’s  System  of  Logic, 

and  History  of  Logical  Doctrines.  Trans- 
lated, with  Notes  and  Appendices,  byT.  M. 
Lindsay,  M.A.  F.R.S.E.  8vo.  price  lGs. 

? 

The  Philosophy  of  necessity;  or, 

Natural  Law  as  applicable  to  Mental,  Moral, 
and  Social  Science.  By  Charles  Bray. 
Second  Edition.  8vo.  9s. 

A Manual  of  Anthropology,  or  Science 
of  Man,  based  on  Modern  Research.  By 
tl:e  same  Author.  Crown  8vo.  Gs. 

On  Force,  its  Mental  and  Moral  Corre- 
lates. By  the  same  Author.  8vo.  5s. 

Timo  and  Space ; a Metaphysical 
Essay.  By  Siiadwortii  II.  Hodgson. 
8vo.  price  16s. 

The  Discovery  of  a Hew  World 

of  Being.  By  George  Thomson.  Post 
8vo.  Gs. 

A Treatise  on  Human  Nature ; 

being  an  Attempt  to  Introduce  the  Expe- 
rimental Method  of  Reasoning  into  Moral 
Subjects.  By  David  Hume.  Edited,  with 
Notes,  &c.  by  T.  IL  Green,  Fellow,  and 
T.  II.  Grose,  late  Scholar,  of  Balliol  Col 
lege,  Oxford.  \_In  the  press. 

Essays  Moral,  Political,  and  Li- 
terary. By  David  Hume.  By  the  same 
Editors.  [/«  the  press. 

***  The  above  will  form  a new  edition  of 
David  Hume’s  Philosophical  Works,  com- 
plete in  Four  Volumes,  but  to  be  had  in  Two 
separate  Sections  as  announced. 


Astronomy , Meteorology , Popular  Geography , c fc. 


Outlines  of  Astronomy.  By  Sir 

J.  F.  W.  Hersciiel,  Bart.  M.A.  Eleventh 
Edition,  with  9 Plates  and  numerous  Dia- 
grams. Square  crown  8vo.  12s. 

Sehellen’s  Spectrum  Analysis,  in 

its  Application  to  Terrestrial  Substances 
and  the  Physical  Constitution  of  the  Hea- 
venly Bodies.  Translated  by  Jane  and 
C.  Lassell  ; edited,  with  Notes,  by  W. 
Huggins,  LL.D.  F.R.S.  With  13  Plates 
(G  coloured)  and  223  Woodcuts.  8vo.  28s.  i 

The  Sun ; Ruler,  Light,  Fire,  and 

Life  of  the  Planetary  System.  By  Richard 
A.  Proctor,  B.A.  F.R.A.S.  With  10  Plates 
(7  coloured)  and  107  Woodcuts.  Crown 
8vo.  price  14s. 

Saturn  and  its  System.  By  the  same 
Author.  8vo.  with  14  Plates,  14s. 


Navigation  and  Nautical  As- 
tronomy (Practical,  Theoretical,  Scientific) 
for  the  use  of  Students  and  Practical  Men. 
By  J.  Merrifield,  F.R.A.S.  and  IL 
Evers.  8vo.  14s. 

Celestial  Objects  for  Common 

Telescopes.  By  T.  W.  Webb,  M.A.  F.R.A.S. 
New  Edition,  revised  and  enlarged,  with 
Map  of  the  Moon  and  Woodcuts.  lGmo. 
price  7s.  Gd. 

A New  Star  Atlas,  for  the  Library, 
the  School,  and  the' Observatory,  in  Twelve 
Circular  Maps  (with  .Two  Index  Plates). 
Intended  as  a Companion  to  ‘ Webb's  Celes- 
tial Objects  for  Common  Telescopes.’  With 
a Letterpress  Introduction  on  the  Study  of 
the  Stars,  illustrated  by  9 Diagrams.  By 
Richard  A.  Proctor,  B.A.  lion.  Sec 
R.A.S.  Crown  8vo.  5s. 
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Other  Worlds  than  Ours ; the 

Plurality  of  Worlds  Studied  under  the 
Light  of  Recent  Scientific  Researches.  By 
R.  A.  Proctor,  B.A.  F.R.A.S.  Second 
Edition,  revised  and  enlarged ; with  14 
Illustrations.  Crown  8vo.  10s.  6c /. 

A General  Dictionary  of  Geo- 
graphy, Descriptive,  Physical,  Statistical, 
and  Historical  ; forming  a complete 
Gazetteer  of  the  World.  By  A.  Keith 
Johnston,  F.R.S.E.  New  Edition.  8vo. 
price  31s.  6c/. 

Essays  on  Astronomy.  By  Richard 
A.  Proctor,  B.A.  Hon.  Sec.  R.A.S.  Dedi- 
cated, by  permission,  to  the  Astronomer- 
Royal.  8vo.  with  10  Plates  and  20  Wood 
Engravings,  price  12s. 


A Manual  of  Geography,  Physical, 
Industrial,  and  Political.  By  W.  Hughes, 

F. R.G.S.  Prof,  of  Geog.  in  King’s  Coll,  and  in 
Queen’s  Coll.  Bond.  With  6 Maps.  Fcp.  7s.  6c/. 

Maunder’s  Treasury  of  Geogra- 
phy, Physical,  Historical,  Descriptive,  and 
Political.  Edited  by  W.  Hughes,  F.R.G.S. 
With  7 Maps  and  16  Plates.  Fcp.  6s. 

The  Public  Schools  Atlas  of 

Modern  Geography.  In  Thirty-one  Maps, 
exhibiting  clearly  the  more  important 
Physical  Features  of  the  Countries  deli- 
neated, and  Noting  all  the  Chief  Places  of 
Historical,  Commercial,  and  Social  Interest. 
Edited,  with  an  Introduction,  by  the  Rev. 

G.  Butler,  M.A.  Imperial  quarto,  price 
3s.  6c/.  sewed ; 5s.  cloth. 


Natural  History  and  Popular  Science. 


Ganot’s  Elementary  Treatise  on 

l’hysics,  Experimental  and  Applied,  for  the 
use  of  Colleges  and  Schools.  Translated  and 
Edited  with  the  Author’s  sanction  by 

E.  Atkinson,  Ph.D.  F.C.S.  New  Edition, 
revised  and  enlarged  ; with  a Coloured  Plate 
and  726  Woodcuts.  Post  8vo.  15s. 

Text-Books  of  Science,  Mechanical 
and  Physical.  Edited  by  T.  M.  Goodevk, 
M.A.  The  following  may  now  be  had, 
price  3s.  6c/.  each  : — 

1.  Goopeve’s  Mechanism. 

2.  Bloxam’s  Metals. 

3.  Miller’s  Inorganic  Chemistry. 

4.  Griffin’s  Algebra  and  Trigonometry. 

5.  Watson's  Plane  and  Solid  Geometry. 

6.  Maxwell’s  Theory  of  Heat. 

7.  Mkrrifield’s  Technical  Arithmetic 

and  Mensuration. 

Dove’s  Law  of  Storms,  considered  in 
connexion  with  the  ordinary  Movements  of 
the  Atmosphere.  Translated  by  R.  II. 
Scott,  M.A.  T.C.D.  8vo.  10s.  Gd. 

The  Correlation  of  Physical 

Forces.  By  W.  R.  Grove,  Q.C.  V.P.R.S. 
Fifth  Edition,  revised,  and  Augmented  by  a 
Discourse  on  Continuity.  8vo.  10s.  6c/. 
The  Discourse,  separately,  price  2s.  6c/. 

Natural  Philosophy  for  General 

Readers  and  Young  Persons;  being  a Course 
of  Physics  divested  of  Mathematical  For- 
mula1, expressed  in  the  language  of  daily 
life,  and  illustrated  with  Explanatory 
Figures,  familiarly  elucidating  the  Prin- 
ciples and  Facts.  Translated  and  edited 
from  Ganot’s  ‘ Cours  de  Physique,’  with  the 
Author’s  sanction,  by  E.  Atkinson,  Ph.D. 

F. C.S.  Crown  8vo.  with  Woodcuts,  7s.  6c/. 


Heat  a Mode  of  Motion.  By  Pro- 
fessor John  Tyndall,  LL.D.  F.R.S.  Fourth 
Edition.  Crown  8vo.  with  Woodcuts, 
price  10s.  6c/. 

Sound  : a Course  of  Eight  Lectures  de- 
livered at  the  Royal  Institution  of  Great 
Britain.  By  Professor  John  Tyndall, 
LL.D.  F.It.S.  New  Edition,  with  Portrait 
and  Woodcuts.  Crown  8vo.  9s. 

Researches  on  Diamagnetism 

and  Magne-Crystallic  Action ; including 
the  Question  of  Diamagnetic  Polarity.  By 
Professor  Tyndall.  With  6 Plates  and 
many  Woodcuts.  8vo.  14s. 

Notes  of  a Course  of  Nine  Lec- 
tures on  Light,  delivered  at  the  Royal 
Institution,  A.n.  1869.  By  Professor  Tyn- 
dall. Crown  Svo.  Is.  sewed,  or  Is.  6c/. 
cloth. 

Notes  of  a Course  of  Seven  Lec- 
tures on  Electrical  Phenomena  and  Theories, 
delivered  at  the  Royal  Institution,  A.n.  1870. 
By  Professor  Tyndall.  Crown  8vo.  Is. 
sewed,  or  Is.  6c/.  cloth. 

A Treatise  on  Electricity,  in 

Theory  and  Practice.  By  A.  De  La  Rive, 
Prof,  in  the  Academy  of  Geneva.  Trans- 
lated by  C.  V.  Walker,  F.R.S.  3 vols. 
8vo.  with  Woodcuts,  £3.  13s. 

Fragments  of  Science.  By  John 
Tyndall,  LL.D.  F.R.S.  Third  Edition. 
Svo.  price  14s. 

Light  Science  for  Lemire  Horn’s; 

a Series  of  Familiar  Essays  on  Scientific 
Subjects,  Natural  Phenomena,  &C.  By 
R.  A.  Proctor,  B.A.  F.R.A.S.  Crown  Svo. 
price  7s.  6c/. 
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Light : its  Influence  on  Life  and  Health. 
By  Forbes  Winslow.  M.D.  D.C.L.  Oxon. 
(lion.)  I'cp.  8vo.  6s. 

Van  Der  Hoeven’s  Handbook  of 

Zoology.  Translated  from  the  Second 
Dutch  Edition  by  the  Rev.  W.  Clark, 
M.D.  F.E.S.  2 vols.  8vo.  with  24  Plates  of 
Figures,  60s. 

Professor  Owen’s  Lectures  on 

the  Comparative  Anatomy  and  Physiology 
of  the  Invertebrate  Animals.  Second 
Edition,  with  235  Woodcuts.  8vo.  21s. 

The  Comparative  Anatomy  and 

Physiology  of  the  Vertebrate  Animals.  By 
Richard  Owen,  F.R.S.  D.C.L.  With 
1,472  Woodcuts.  3 vols.  8vo.  £3  13s.  G d. 

Kirby  and  Spence’s  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Insects.  Crown  8vo.  5s. 

Homes  without  Hands  ; a Descrip- 
tion of  the  Habitations  of  Animals,  classed 
according  to  their  Principle  of  Construction. 
By  Rev.  J.  G.  Wood,  M.A.  F.L.S.  With 
about  140  Vignettes  on  Wood.  8vo.  2ls. 

Strange  Dwellings;  a Description 
of  the  Habitations  of  Animals,  abridged 
from  ‘Homes  without  Hands.’  By  J.  G. 
Wood,  M.A.  F.L.S.  With  a New  Frontis- 
piece and  about  60  other  Woodcut  Illus- 
trations. Crown  8vo.  price  7s.  G d. 

Bible  Animals ; a Description  of  every 
Living  Creature  mentioned  in  the  Scrip- 
tures, from  the  Ape  to  the  Coral.  By 
the  Rev.  J.  G.  Wood,  M.A.  F.L.S.  With 
about  100  Vignettes  on  Wood.  8vo.  21s. 

The  Harmonies  of  Nature  and 

Unity  of  Creation.  By  Dr.  G.  Hartwig. 
8vo.  with  numerous  Illustrations,  18s. 

The  Sea  and  its  Living  Wonders.  By 
the  same  Author.  Third  Edition,  enlarged. 
8 vo.  with  many  Illustrations,  21s. 

The  Tropical  World.  By  the  same  Author. 
With  8 Chromoxylographs  and  172  Wood- 
cuts.  8 vo.  21s. 

The  Subterranean  World.  By  the  same 
Author.  With  3 Maps  and  about  80  Wood- 
cut  Illustrations,  including  8 full  size  of 
page.  8vo.  price  21s. 

The  Polar  World:  a Popular  Description  of 
Man  and  Nature  in  the  Arctic  and  Antarctic 
Regions  of  the  Globe.  By  the  same  Author. 
With  8 Chromoxylographs,  3 Maps,  and  85 
Woodcuts.  8vo.  21s. 


Insects  at  Home;  a Popular  Ac- 
count of  British  Insects,  their  Structure, 
Habits,  and  Transformations.  By  the 
Rev.  J.  G.  Wood,  M.A.  F.L.S.  With 
upwards  of  700  Illustrations  engraved  on 
Wood,  1 coloured  and  21  full  size  of  page. 
8vo.  21s. 

The  Origin  of  Civilisation  and 

the  Primitive  Condition  of  Man  ; Mental 
and  Social  Condition  of  Savages.  By  Sir 
John  Lubbock,  Bart.  M.P.  F.R.S.  Second 
Edition,  revised,  with  25  Woodcuts.  8vo. 
price  16s. 

The  Primitive  Inhabitants  of 

Scandinavia.  Containing  a Description  of 
the  Implements,  Dwellings,  Tombs,  and 
Mode  of  Living  of  the  Savages  in  the  North 
of  Europe  during  the  Stone  Age.  By  Sv  i n 
Nilsson.  8vo.  Plates  and  Woodcuts,  18s. 

A Familiar  History  of  Bird?. 

By  E.  Stanley,  D.D.  late  Lord  Bishop  • f 
Norwich.  Fcp.  with  Woodcuts,  3s.  6 d. 

Maunder’s  Treasury  of  Naturol 

History,  or  Popular  Dictionary  of  Zoology. 
Revised  and  corrected  by  T.  S.  Cobbold 
M.D.  Fcp.  with  900  Woodcuts,  6s. 

The  Elements  of  Botany  foi 

Families  and  Schools,  Tenth  Edition,  re- 
vised by  Thomas  Moore,  F.L.S.  Fcp. 
with  154  Woodcuts,  2s.  Gel. 

The  Treasury  of  Botany,  or 

Popular  Dictionary  of  the  Vegetable  King- 
dom ; with  which  is  incorporated  a Glos- 
sary of  Botanical  Terms.  Edited  by 
J.  Lindley,  F.R.S.  and  T.  Moore,  F.L.S. 
Pp.  1,274,  with  274  Woodcuts  and  20  Ste^l 
Plates.  Two  Parts,  fcp.  8vo.  12s. 

The  Rose  Amateur’s  Guide.  By 

Thomas  Rivers.  New  Edition.  Fcp.  4s. 

Loudon’sEncyclopsedia  of  Plants ; 

comprising  the  Specific  Character,  Descrip- 
tion, Culture,  History,  &c.  of  all  the  Plants 
found  in  Great  Britain.  With  upwards  of 
12,000  Woodcuts.  8vo.  42s. 

Maunder’s  Scientific  and  Lite- 
rary Treasury  ; a Popular  Encyclopaedia  of 
Science,  Literature,  and  Art.  New  Edition, 
in  part  rewritten,  with  above  1,000  new 
articles,  by  J.  Y.  Johnson.  Fcp.  Gs. 

A Dictionary  of  Science,  Litera- 
ture, and  Art.  Fourth  Edition,  re-edited 
by  the  late  W.  T.  Brande  (the  Author) 
and  George  W.  Cox,  M.A.  3 vols.  medium 
8vo.  price  63s.  cloth. 
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Chemistry , Medicine , Surgery , and  the  Allied  Sciences. 


A Dictionary  of  Chemistry  and 

the  Allied  Branches  of  other  Sciences.  By 
Henry  Watts,  F.C.S.  assisted  by  eminent 
Scientific  and  Practical  Chemists.  5 vols. 
medium  8vo.  price  £7  3s. 

Supplement ; bringing  the  Record  of  Chemical 
Discovery  down  to  the  end  of  the  year  1869  ; 
including  also  several  Additions  to,  and 
Corrections  of,  former  results  which  have 
appeared  in  1870  and  1871.  By  the  same 
Author,  assisted  by  eminent  Scientific  and 
Practical  Chemists,  Contributors  to  the 
Original  Work.  8vo.  31s.  6 d. 

Researches  in  Molecular  Physics 

bv  Means  of  Radiant  Heat;  a Series  of 
Memoirs  collected  from  the  Philosophical 
Transactions.  By  John  Tyndall,  LL.D. 
F.R.S.  1 vol.  8vo.  \_In  the  press. 

Elements  of  Chemistry,  Theore- 
tical and  Practical.  By  William  A. 
Miller,  M.D.  LL.D.  Professor  of  Chemis- 
try, King’s  College,  London.  Fourth  Edi- 
tion. 3 vols.  8vo.  £3. 

Part  I.  Chemical  Physics,  15s. 
Part  II.  Inorganic  Chemistry,  21s. 
Part  III.  Organic  Chemistry,  24s. 

A Course  of  Practical  Chemistry, 

for  the  use  of  Medical  Students.  By 
W.  Odlixg,  M.B.  F.R.S.  New  Edition,  with 
70  new  Woodcuts.  Crown  8vo.  7s.  6 d. 

Outlines  of  Chemistry ; or,  Brief 
Notes  of  Chemical  Facts.  By  the  same 
Author.  Crown  8vo.  7s.  6 d. 

Lectures  on  Animal  Chemistry  Delivered 
at  the  Royal  College  of  Physicians  in  1865. 
By  the  same  Author.  Crown  8vo.  4s.  6 d. 

Select  Methods  in  Chemical 

Analysis,  chiefly  Inorganic.  By  William 
Crookes,  F.R.S.  With  22  Woodcuts. 
Crown  8vo.  price  12s.  6 d. 

Chemical  Notes  for  the  Lecture 

Room.  By  Thomas  Wood,  F.C.S.  2 vols. 
crown  8vo.  I.  on  Heat,  &c.  price  5s. 
II.  on  the  Metals,  price  5s. 

The  Diagnosis,  Pathology,  and 

Treatment  of  Diseases  of  Women  ; including 
the  Diagnosis  of  Pregnancy.  By  Graily 
Hewitt,  M.D.  &c.  President  of  the  Obste- 
trical Society  of  London.  Second  Edition, 
enlarged;  with  116  Woodcuts.  8vo.  24s. 

On  the  Surgical  Treatment  of 

Children’s  Diseases.  By  T.  Holmes,  M.A. 
&c.  late  Surgeon  to  the  Hospital  for  Sick 
Children.  Second  Edition,  with  9 Plates 
and  112  Woodcuts.  8vo.  21s. 


Lectures  on  the  Diseases  of  In- 
fancy and  Childhood.  By  Charles  West, 
M.D.  &c.  Fifth  Edition.  8vo.  16s. 

On  Some  Disorders  of  the  Ner- 
vous System  in  Childhood.  Being  the 
Lumleian  Lectures  delivered  before  the 
Royal  College  of  Physicians  in  March  1871. 
By  Charles  West,  M.D.  Crown  8vo.  5s. 

Lectures  on  the  Principles  and 

Practice  of  Physic.  By  Sir  Thomas  Wat- 
son, Bart.  M.D.  Physician-in-Ordinary  to 
the  Queen.  Fifth  Edition,  thoroughly  re- 
vised. 2 vols.  8vo.  price  36s. 

Lectures  on  Surgical  Pathology. 

By  Sir  James  Paget,  Bart  F.R.S.  Third 
Edition,  revised  and  re-edited  by  the  Author 
and  Professor  W.  Turner,  M.B.  8vo.  with 
131  Woodcuts,  21s. 

Cooper’s  Dictionary  of  Practical 

Surgery  and  Encyclopedia  of  Surgical 
Science.  New  Edition,  brought  down  to 
the  present  time.  By  S.  A.  Lane,  Surgeon  to 
St.  Mary’s  Hospital,  &c.  assisted  by  various 
Eminent  Surgeons.  Vol.  II.  8vo.  com- 
pleting the  work.  \_In  the  press. 

On  Chronic  Bronchitis,  especially 
as  connected  with  Gout,  Emphysema,  and 
Diseases  of  the  Heart.  By  E.  Headlam 
Greenhow,  M.D.  F.R.C.P.  &c.  8vo.  7s.  6 d. 

The  Climate  of  the  South  of 

France  as  Suited  to  Invalids  ; with  Notices 
of  Mediterranean  and  other  Winter  Sta- 
tions. By  C.  T.  Williams,  M.A.  M.D. 
Oxon.  Physician  to  the  Hospital  for  Con- 
sumption at  Brompton.  Second  Edition. 
Crown  8vo.  6s. 

Pulmonary  Consumption ; its 

Nature,  Varieties,  and  Treatment : with  an 
Analysis  of  One  Thousand  Cases  to  exem- 
plify its  Duration.  By  C.  J.  B.  Williams, 
M.D.  F.R.S.  and  C.  T.  Williams,  M.A. 
M.D.  Oxon.  Physicians  to  the  Hospital  for 
Consumption  at  Brompton.  Post  8vo. 
price  10s.  6</. 

Anatomy,  Descriptive  and  Sur- 
gical. By  Henry  Gray,  F.R.S.  With 
about  410  Woodcuts  from  Dissections.  Fifth 
Edition,  by  T.  Holmes,  M.A.  Cantab.  With 
a New  Introduction  by  the  Editor.  Royal 
8 vo.  28s. 

The  House  I Live  in ; or,  Popular 
Illustrations  of  the  Structure  and  Functions 
of  the  Human  Body.  Edited  by  T.G.Girtin. 
New  Edition,  with  25  Woodcuts.  16mo. 
price  2s.  6 cl. 
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A System  of  Surgery,  Theoretical 

and  Practical,  in  Treatises  by  Various 
Authors.  Edited  by  T.  Holmes,  M.A.  &e. 
Surgeon  and  Lecturer  on  Surgery  at  St. 
George’s  Hospital,  and  Surgeon-in-Chief  to 
the  Metropolitan  Police.  Second  Edition, 
thoroughly  revised,  with  numerous  Illus- 
trations. 5 vols.  8vo.  £5  5s. 

Clinical  Lectures  on  Diseases  of 

the  Liver,  Jaundice,  and  Abdominal  Dropsy. 
By  C.  Murchison',  M.D.  Physician  to  the 
Middlesex  Hospital.  Post  8vo.  with  25 
Woodcuts,  10s.  6 d. 

Physiological  Anatomy  and  Phy- 
siology of  Man.  Bv  the  late  E.  B.  Todd, 
M.D.'P.R.S.  and  W.  Bowman,  F.R.S.  of 
King’s  College.  With  numerous  Illustra- 
tions. Vol.  II.  8vo.  25s. 

Vol.  I.  New  Edition  by  Dr.  Lionel  S. 
Beat.e,  F.R.S.  in  course  of  publication, 
with  numerous  Illustrations.  Parts  I 
and  II.  price  7s.  6 d.  each. 


Outlines  of  Physiology,  Human 
and  Comparative.  By  John  Marshal!  , 
F.R.C.S.  Professor  of  Surgery  in  University 
College,  London,  and  Surgeon  to  the  Uni- 
versity College  Hospital.  2 vols.  crown  8ve. 
with  122  Woodcuts,  32s. 

Copland’s  Dictionary  of  Practical 

Medicine,  abridged  from  the  larger  work, 
and  throughout  brought  down  to  the  pirc- 
sent  state  of  Medical  Science.  8vo.  3Gs. 

Dr.  Pereira’s  Elements  of  Materia 

Medica  and  Therapeutics,  abridged  and 
adapted  for  the  use  of  Medical  and  Phar- 
maceutical Practitioners  and  Students ; and 
comprising  all  the  Medicines  of  the  British 
Pharmacopoeia,  with  such  others  as  arc 
frequently  ordered  in  Prescriptions  or  re- 
quired by  the  Physician.  Edited  by  Pro- 
fessor Benti.f.y,  F.L.S.  &c.  and  by  Dr. 
Redwood,  F.C.S.  &c.  With  125  Woodcut 
Illustrations.  8vo.  price  25s. 


The  Fine  Arts , and 

In  Fairyland  ; Pictures  from  the  Elf- 
World.  By  Richard  Doyle.  With  a 
Poem  by  W.  Allingiiam.  With  Sixteen 
Plates,  containing  Thirty-six  Designs 
printed  in  Colours.  Folio,  31s.  Gd. 

Albert  Durer,  his  Life  and 

Works  ; including  Autobiographical  Papers 
and  Complete  Catalogues.  By  William 
B.  Scott.  With  Six  Etchings  by  the 
Author  and  other  Illustrations.  8vo.  16s. 

Half-Hour  Lectures  on  the  His- 
tory and  Practice  of  the  Fine  and  Orna- 
mental Arts.  By.  W.  B.  Scott.  Second 
Edition.  Crown  8vo.  with  50  Woodcut 
Illustrations,  8s.  Gd. 

The  Chorale  Book  for  England : 

the  Hymns  Translated  by  Miss  C.  Wink- 
worth;  the  Tunes  arranged  by  Prof.  W. 
S.  Bennett  and  Otto  Goldschmidt. 
Pep.  4to.  12s.  Gd. 

The  Hew  Testament,  illustrated  with 
Wood  Engravings  after  the  Early  Masters 
chiefly  of  the  Italian  School.  Crown  4to. 
63s.  cloth,  gilt  top  ; or  £5  5s.  morocco. 

The  Life  of  Man  Symbolised  by 

tlie  Months  of  the  Year  in  their  Seasons 
and  Phases.  Text  selected  by  Richard 
Pigot.  25  Illustrations  on  Wood  from 
Original  Designs  by  John  Leighton, 
F.S.A.  Quarto,  42s. 


Illustrated  Editions. 

Cats’  and  Farlie’s  Moral  Em- 
blems ; with  Aphorisms,  Adages,  and  Pro- 
verbs of  all  Nations:  comprising  121  Illus- 
trations on  Wood  by  J.  Leighton,  F.S.A. 
with  an  appropriate  Text  by  R.  Pigot. 
Imperial  8vo.  81s.  Gd. 

Sacred  and  Legendary  Art.  By 

Mrs.  Jameson.  G vols.  square  crown  Svo. 
price  £5  15s.  Gd.  as  fullows : — 

Legends  of  the  Saints  and  Martyrs. 
New  Edition,  with  19  Etchings  and  187 
Woodcuts.  2 vols.  price  31s.  C<7. 
Legends  of  the  Monastic  Orders.  New 
Edition,  with  11  Etchings  and  88  Woodcuts. 
1 vol.  price  21s. 

Legends  of  the  Madonna.  New  Edition, 
with  27  Etchings  and  1G5  Woodcuts.  1 
vol.  price  21s. 

The  History  of  Our  Lord,  with  that  of  Ilis 
Types  and  Precursors.  Completed  by  Lady 
Eastlake.  Revised  Edition,  with  13 
Etcdiings  and  281  Woodcuts.  2 vols. 
price  42s. 

Lyra  Germanica,  the  Christian  Year. 
Translated  by  Catherine  Winkworth, 
with  125  Illustrations  on  Wood  drawn  by 
J.  Leighton,  F.S.A.  Quarto,  21s. 

Lyra  Germanica.  the  Christian  Life. 
Translated  by  Catherine  Winkworth  ; 
with  about  200  Woodcut  Illustrations  by 
J.  Leighton,  F.S.A.  and  other  Artists. 
Quarto,  21s. 
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The  Useful  Arts , 

G wilt’s  Encyclopaedia  of  Archi- 
tecture, with  above  1,600  Woodcuts.  Fifth 
Edition,  with  Alterations  and  considerable 
Additions,  by  Wyatt  Papwostii.  Svo. 
price  62s.  Gd. 

A Manual  of  Architecture  : being 

a Concise  History  and  Explanation  of  the 
principal  Styles  of  European  Architecture, 
Ancient,  Medheval,  and  Renaissance  ; with 
their  Chief  Variations  and  a Glossary  of 
Technical  Terms.  By  Thomas  Mitchell. 
With  150  Woodcuts.  Crown  Svo.  10s.  Gd. 

History  of  the  Gothic  Revival; 

an  Attempt  to  shew  how  far  the  taste  for 
Mediaeval  Architecture  was  retained  in 
England  during  the  last  two  centuries,  and 
has  been  re-developed  in  the  present.  By 
C.  L.  Easti.Aki-:,  Architect.  With  48 
Illustrations  (36  full  size  of  page).  Im- 
perial Svo.  price  31s.  Gd. 

Hints  on  Household  Taste  in 

Furniture,  Upholstery,  and  other  Details. 
By  Charles  L.  Easxlake,  Architect. 
Second  Edition,  with  about  90  Illustrations. 
Square  crown  8vo.  18s. 

Lathes  and  Turning,  Simple,  Me- 
chanical, and  Ornamental.  By  W.  Henry 
Nortiicott.  With  about  240  Illustrations 
on  Steel  and  Wood.  8vo.  18s. 

Principles  of  Mechanism,  designed 
for  the  use  of  Students  in  the  Universities, 
and  for  Engineering  Students  generally. 
By  R.  Willis,  M.A.  F.B.S.  &c.  Jacksonian 
Professor  in  the  Univ.  of  Cambridge.  Second 
Edition  ; with  374  Woodcuts.  8vo.  18s. 

Handbook  of  Practical  Tele- 
graphy. By  R.  S.  Culley,  Menib.  Inst. 
C.E.  Engineer-in-Chief  of  Telegraphs  to 
the  Post-Office.  Fifth  Edition,  revised  and 
enlarged  ; with  1 18  Woodcuts  and  9 Plates. 
Svo.  price  14s. 

Tire’s  Dictionary  of  Arts,  Manu- 
factures, and  Mines.  Sixth  Edition,  re- 
written and  greatly  enlarged  by  Robert 
Hi  nt,  F.R.S.  assisted  by  numerous  Con- 
tributors. With  2,000  Woodcuts.  3 vols. 
medium  8vo.  £4  I ts.  Gd. 

Catechism  of  the  Steam  Engine, 

in  its  various  Applications  to  Mines,  Mills, 
Steam  Navigation,  Railways,  and  Agricul- 
ture. By  John  Bourne,  C.E.  New  Edi- 
tion, with  89  Woodcuts.  Fep.  6?. 


Manufactures , fc. 

Encyclopsedia  of  Civil  Engineer- 
ing, Historical,  Theoretical,  and  Practical 
By  E.  Cresy,  C.E.  With  above  3,000 
Woodcuts.  Svo.  42s. 

Treatise  on  Mills  and  Millwork. 

By  Sir  IV.  Fairbairx,  Bart.  E.R.S.  New 
Edition,  with  18  Plates  and  322  Woodcuts. 
2 vols.  8vo.  32s. 

Useful  Information  for  Engineers.  By 

the  same  Author.  First,  Second,  and 
Third  Series,  with  many  Plates  and 
Woodcuts.  3 vols.  crown  8vo.  10s.  Gd.  each. 

The  Application  of  Cast  and  Wrought 
Iron  to  Building  Purposes.  By  the  same 
Author.  Fourth  Edition,  with  6 Plates  and 
118  Woodcuts.  8 vo.  16s. 

Iron  Ship  Building,  its  History 

and  Progress,  as  comprised  in  a Series  of 
Experimental  Researches.  By  Sir  W.  Fair- 
bairn,  Bart.  F.R.S.  With  4 Plates  and 
130  Woodcuts,  8vo.  18s. 

A Treatise  on  the  Steam  Engine, 

in  its  various  Applications  to  Mines,  Mills, 
Steam  Navigation,  Railways,  and  Agri- 
culture. By  J.  Bourne,  C.E.  New  Edition; 
with  Portrait,  37  Plates,  and  546  Woodcuts. 
4to.  42s. 

Recent  Improvements  in  the 

Steam-Engine.  By  John  Bourne,  C.E. 
New  Edition,  including  many  New  Ex- 
amples, with  124  Woodcuts.  Fcp.  8vo.  6s. 

Bourne’s  Examples  of  Modern 

Steam,  Air,  and  Gas  Engines  of  the  most 
Approved  Types,  as  employed  for  Pumping, 
for  Driving  Machinery,  for  Locomotion, 
and  for  Agriculture,  minutely  and  prac- 
tically described.  In  course  of  publication, 
to  be  completed  in  Twenty-four  Parts,  price 
2s.  Gd.  each,  forming  One  Volume,  with 
about  50  Plates  and  400  Woodcuts. 

A Treatise  on  the  Screw  Pro- 
peller, Screw  Vessels,  and  Screw  Engines, 
as  adapted  for  purposes  of  Peace  and  War. 
By  John  Bourne,  C.E.  Third  Edition, 
with  54  Plates  and  287  Woodcuts.  Quarto, 
price  63s. 

Handbook  of  the  Steam  Engine. 

By  John  Bourne,  C.E.  forming  a Key  to 
the  Author’s  Catechism  of  the  Steam  Engine. 
With  67  Woodcuts.  Fep.  9s. 

History  of  the  Machine- 

Wrought  Hosiery  and  Lace  Manufactures. 
By  William  Eei.kix,  F.L.S.  F.S.S.  With 
several  Illustrations.  Royal  Svo.  21s. 
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Mitchell’s  Manual  of  Practical 

Assaying.  Third  Edition  for  the  most  part 
re-written,  with  all  the  recent  Discoveries 
incorporated.  By  W.  Crookes,  F.R.S. 
\\  ith  188  Woodcuts.  8vo.  28s. 

The  Art  of  Perfumery  ; the  History 

and  Theory  of  Odours,  and  the  Methods  of 
Extracting  the  Aromas  of  Plants.  By  Dr. 
Pi  esse,  F.C.S.  Third  Edition,  with  53 
Woodcuts.  Crown  8vo.  10s.  G d. 

Bayldon’s  Art  of  Valuing  Rents 

and  Tillages,  and  Claims  of  Tenants  upon 
Quitting  Farms,  both  at  Michaelmas  and 
Lady-Day.  Eighth  Edition,  revised  by 
J.  C.  Morton.  8vo.  10s.  Gd. 

On  the  Manufacture  of  Beet- 

Root  Sugar  in  England  and  Ireland.  By 
William  Crookes,  F.R.S.  With  11  Wood- 
cuts.  8vo.  8s.  G d. 


Religious  and 

Authority  and  Conscience  ; a Free 
Debate  on  the  Tendency  of  Dogmatic 
1 heology  and  on  the  Characteristics  of 
Faith.  Edited  by  Conway  Morel.  Post 
8vo.  7s.  G d. 

Reasons  of  Faith  ; or,  the  Order  of  the 
Christian  Argument  Developed  and  Ex- 
plained. By  the  Rev.  G.  S.  Drew,  M.A. 
Second  Edition,  revised  and  enlarged.  Fcp. 
8vo.  Gs. 

Christ  the  Consoler ; a Book  of  Com- 
fort for  the  Sick.  With  a Preface  by  the 
Rigiit  Rev.  the  Lord  Bishop  of  Carlisle. 
Small  8vo.  6s. 

The  True  Doctrine  of  the  Eucha- 
rist. By  Thomas  S.  L.  Vogan,  D.D. 
Canon  and  Prebendary  of  Chichester  and 
Rural  Dean.  8vo.  18s. 

The  Student’s  Compendium  of 

the  Book  of  Common  Prayer  ; being  Notes 
Historical  and  Explanatory  of  the  Liturgy 
of  the  Church  of  England.  By  the  Rev.  II. 
Allden  Nash.  Fcp.  8vo.  price  2s.  Gd. 

Synonyms  of  the  Old  Testament, 

their  Bearing  on  Christian  Faith  and  Prac- 
tice. By  the  Rev.  Robert  B.  Girdle- 
stone,  M.A.  8vo.  price  15s. 

Fundamentals;  or,  Bases  of  Belief 
concerning  Man  and  God:  a Handbook  of  I 
Mental,  Moral,  and  Religious  Philosophy. 
By  the  Rev.  T.  Griffith,  M.A.  8v"o.  : 
price  10s.  Gd. 

An  Introduction  to  the  Theology 

of  the  Church  of  England,  in  an  Exposition 
of  the  Thirty-nine  Articles.  By  the  Rev.  | 
T.  I*.  Boultbee,  LL.D.  Fcp.  8vo.  price  Gs.  | 


Practical  Treatise  on  Metallurgy, 

adapted  from  the  last  German  Edition  ot 
Professor  Kerb’s  Metallurgy  by  W. 
Crookes,  F.R.S.  &c.  and  E.  Rohrig, 
Ph.D.  M.E.  3 vols.  8vo.  with  G25  Wood- 
cuts,  price  £1  19s. 

Loudon’s  Encyclopaedia  of  Agri- 
culture: comprising  the  Laying-out,  Im- 
provement, and  Management  of  Landed 
Property,  and  the  Cultivation  and  Economy 
of  the  Productions  of  Agriculture.  With 
1,100  Woodcuts.  8vo.  21s. 

Loudon’s  Encyclopaedia  of  Gardening  : 
comprising  the  Theory  and  Practice  of 
Horticulture,  Floriculture,  Arboriculture, 
and  Landscape  Gardening.  With  1,000 
Woodcuts.  8vo.  21s. 


Moral  Works. 

Christian  Sacerdotalism,  viewed 
from  a Layman’s  standpoint  or  tried  by 
Holy  Scripture  and  the  Early  Fathers'; 
with  a short  Sketch  of  the  State  of  the 
Church  from  the  end  of  the  Third  to  the 
Reformation  in  the  beginning  of  the  Six- 
teenth Century.  By  John  Jardlnk,  M.A. 
LL.D.  8vo.  8s.  Gd." 

Prayers  Selected  from  the  Col- 
lection of  the  late  Baron  Bunsen,  and 
Translated  by  Catherine  Winkworth. 
Part  I.  For  the  Family.  Part  II.  Prayers 
and  Meditations  for  Private  Use.  Fcp. 
8vo.  price  3s.  Gd. 

Churches  and  their  Creeds.  By 

the  Rev.  Sir  Philip  Pkrring,  Bart,  late 
Scholar  of  Trin.  Coll.  Cambridge,  and 
University  Medallist.  Crown  8vo.  10s.  Gd. 

The  Truth  of  the  Bible ; Evidence 
from  the  Mosaic  and  other  Records  of 
Creation ; the  Origin  and  Antiquity  of 
Man;  the  Science  of  Scripture;  and  from 
the  Archaeology  of  Different  Nations  of  the 
Earth.  By  the  Rev.  B.  W.  Savii.e,  M.A. 
Crown  8vo.  7s.  Gd. 

Considerations  on  the  Revision 

o!  the  English  New  Testament.  By  C.  J. 
Ellicott,  D.D.  Lord  Bishop  of  Gloucester 
and  Bristol.  Post  8vo.  price  5s.  Gd. 

An  Exposition  of  the  39  Articles, 

Historical  and  Doctrinal.  By  E.  Harold 
Browne,  D.D.  Lord  Bishop  of  Ely.  Ninth 
Edition.  8vo.  16s. 

Examination-Questions  on  Bishop 
Browne’s  Exposition  of  the  Articles.  Bv 
the  Rev.  J.  Gorle,  M.A.  Fcp.  3s.  Gd. 
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The  Voyage  and  Shipwreck  of 

St.  Paul ; with  Dissertations  on  the  Ships  j 
and  Navigation  of  the  Ancients.  By  Jambs  | 
Smith,  F.R.S.  Crown  8vo.  Charts,  10s.  Gd. 

The  Life  and  Epistles  of  St. 

Paul.  Bv  the  Rev.  W.  J.  Cony  be  are, 
M.A.  and  the  Tory  Rev.  J.  S.  IIowson, 
D.D.  Dean  of  Chester.  Three  Editions 
Library  Edition,  with  all  the  Original 
Illustrations,  Maps,  Landscapes  on  Steel,  j 
Woodcuts,  &c.  2 vols.  4to.  48s. 

Intermediate  Edition,  with  a Selection 
of  Maps,  Plates,  and  Woodcuts.  2 vols.  | 
square  crown  8vo.  31s.  6 d. 

Student’s  Edition,  revised  and  con- 
densed, with  4G  Illustrations  and  Maps.  1 1 
vol.  crown  8vo.  9s. 

Evidence  of  the  Truth  of  the 

Christian  Religion  derived  from  the  Literal 
Fulfilment  of  Prophecy.  By  Alexander 
Keith,  D.D.  37th  Edition,  with  numerous 
Plates,  in  square  8vo.  12s.  G d. ; also  the 
39th  Edition,  in  post  8vo.  with  5 Plates,  Gs. 

The  History  and  Destiny  of  the  World 

and  of  the  Church,  according  to  Scripture. 
By  the  same  Author.  Square  8vo.  with  40 
Illustrations,  10s. 

The  History  and  Literature  of 

the  Israelites,  according  to  the  Old  Testa- 
ment and  the  Apocrypha.  By  C.  De 
Rothschild  and  A.  Da  Rothschild. 
Second  Edition.  2 vols.  crown  8vo.  12s.  Gd. 

Vol.  I.  The  Historical  Books,  7s.  Gd. 

Vol.  II.  7’/ie  Prophetic  and  Poetical  Writings, 
price  5s. 

Abridged  Edition,  in  1 vol.  fcp.  8vo.  3s.  Gd. 

Ewald’s  History  of  Israel  to  the 

Death  of  Moses.  Translated  from  the  Ger- 
man. Edited,  with  a Preface  and  an  Ap- 
pendix, by  Russell  Martineau,  M.A. 
Second  Edition.  2 vols.  8vo.  24s.  Vols.  III. 
and  IV.  edited  by  J.  E.  Carpenter,  M.A. 
price  21s. 

The  Seo  of  Rome  in  the  Middle 

Ages.  By  the  Rev.  Oswald  J.  Rliciill, 
B.C.L.  and  M.A.  8vo.  18 s. 

The  Pontificate  of  Pius  the  Ninth ; 

being  the  Third  Edition,  enlarged  and 
continued,  of  ‘ Rome  and  its  Ruler.’  By 
J.  F.  Maguire,  M.P.  Tost  Svo.  Portrait, 
price  12s.  Gd. 

Ignatius  Loyola  and  the  Early 

Jesuits.  By  Stewart  Rose  New  Edition, 
revised.  Svo.  with  Portrait,  16s. 

An  Introduction  to  the  Study  of 

the  New  Testament,  Critical,  Exegetical, 
and  Theological.  By  the  Rev.  S.  Davidson, 
D.D.  LL.D.  2 vols'.  8vo.  30s. 


A Critical  and  Grammatical  Com- 
mentary on  St.  rani’s  Epistles.  By  C.  J. 
Ei.licott,  D.D.  Lord  Bishop  of  Gloucester 
and  Bristol.  8vo. 

Galatians,  Fourth  Edition,  8s.  Gd. 

Ephesians,  Fourth  Edition,  8s.  Gd. 

Pastoral  Epistles,  Fourth  Edition,  10s.  Gd. 
Philippians,  Colossians,  and  Philemon, 
Third  Edition,  10s.  Gd. 

Thessalonians,  Third  Edition,  7s.  Gd. 

Historical  Lectures  on  the  Life  of 

Our  Lord  Jesus  Christ : being  the  Hulsean 
Lectures  for  1859.  By  C.  J.  Ellicott,  D.D. 
Lord  Bishop  of  Gloucester  and  Bristol. 
Fifth  Edition.  8vo.  12s. 

TheGreek  Testament;  with  Note  3, 

Grammatical  and  Exegetical.  By  the  Rev. 
W.  Webster,  M.A.  and  the  Rev.  W.  F. 
Wilkinson,  M.A.  2 vols.  8vo.  £2.  4s. 

Horne’s  Introduction  to  the  Cri- 
tical Study  and  Knowledge  of  the  Holy 
Scriptures.  Twelfth  Edition  ; with  4 Maps 
and  22  Woodcuts.  4 vols.  8vo.  42s. 

The  Treasury  of  Bible  Know- 
ledge; being  a Dictionary  of  the  Books, 
Persons,  Places,  Events,  and  other  Matters 
of  which  mention  is  made  in  Holy  Scrip- 
ture. By  Rev.  J.  Ayre,  M.A.  YV  ith 
Slaps,  15  Plates,  and  numerous  Woodcuts. 
Fcp.  Svo.  6s. 

Every-day  Scripture  Difficulties 

explained  and  illustrated.  By  J.  E.  Pres- 
cott, M.A.  I.  Matthew  and  Mark ; II.  Luke 
and  John.  2 vols.  Svo.  price  9s.  each. 

The  Pentateuch  and  Book  of 

Joshua  Critically  Examined.  By  the  Right 
Rev.  J.  W.  Colenso,  D.D.  Lord  Bishop  of 
Natal.  Crown  8vo.  price  Gs. 

Part  VI.  The  Later  Legislation  of  the 
Pentateuch.  Svo.  24s. 

The  Formation  of  Christendom. 

Bv  T.  W.  Allies.  Parts  I.  and  II.  Svo. 
price  12s.  each. 

Four  Discourses  of  Chrysostom, 

chiefly  on  the  parable  of  the  Rich  Man  and 
Lazarus.  Translated  by  F.  Allen,  B.A. 
Crown  8vo.  3s.  Gd. 

Bishop  Jeremy  Taylor’s  Entire 

Works;  with  Life  by  BisHor  Heber. 
Revised  and  corrected  by  the  Rev.  C.  P. 
Eden.  10  vols.  £5.  5s. 

England  and  Christendom.  By 

Archbishop  Manning,  D.D.  Post  Svo. 
price  10s.  Gd. 
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Thoughts  for  the  Age.  By  Elizabeth 
M.  Sewell,  Author  of  ‘Amy  Herbert.’ 
New  Edition.  Ecp.  8vo.  price  5s. 

Passing  Thoughts  on  Religion.  By  the 
same  Author.  Ecp.  8s.  Gtf. 

Self-examination  before  Confirmation. 
By  the  same  Author.  32mo.  is.  6 d. 

Thoughts  for  the  Holy  Week,  for  Young 
Persons.  By  the  same  Author.  New 
Edition.  F cp.  8vo.  2s. 

Readings  for  a Month  Preparatory  to 
Confirmation  from  Writers  of  the  Early  and 
English  Church.  By  the  same.  Ecp.  4s. 

Readings  for  Every  Day  in  Lent,  com- 
piled from  the  Writings  of  Bishop  Jeremy 
Taylob.  By  the  same  Author.  Fcp.  5s. 

Preparation  for  the  Holy  Communion; 

the  Devotions  chiefly  from  the  works  of 
J ep.emy  Taylor.  By  the  same.  32mo.  3s. 

Principles  of  Education  drawn  from 
Nature  and  Revelation,  and  Applied  to 
Female  Education  in  the  Upper  Classes. 
By  the  same  Author.  2 vols.  fcp.  12s.  Gd. 


Singers  and  Songs  of  the  Church, 

being  Biographical  Sketches  of  the  Ilymn- 
Writers  in  all  the  principal  Collections; 
with  Notes  on  their  Psalms  and  Ilvmns. 
By  Josiaii  Miller,  M.A.  Post  8vo.  10s.  Gd. 

‘ Spiritual  Songs  ’ for  the  Sundays 

and  Holidays  throughout  the  Year.  By 
J.  S.  B.  Monsell,  LL.D.  Vicar  of  Egham 
and  Rural  Dean.  Fourth  Edition,  Sixth 
Thousand.  Fcp.  price  4s.  Gd. 

The  Beatitudes.  By  the  same  Author. 
Third  Edition,  revised.  Fcp.  3s.  Gd. 

His  Presence  not  his  Memory,  1835. 
By  the  same  Author,  in  memory  of  his  Son. 
Sixth  Edition,  lfimo.  Is. 

Lyra  Germanica,  translated  from  the 
German  by  Miss  C.  Winkwoiith.  First 
Series,  the  Christian  Year,  Hymns  for  the 
Sundays  and  Chief  Festivals  of  the  Church  ; 
Second  Series,  the  Christian  Life.  Fcp. 
8vo.  price  3s.  Gd.  each  Series. 

Endeavoius  after  the  Christian 

Life;  Discourses.  By  James  Map.tineau. 
Fourth  Edition.  Post  8vo.  price  7s.  Gd. 


Travels , Voyages , cjr. 


How  to  See  Horway.  By  Captain 
J.  K.  Campbell.  With  Map  and  5 Wood- 
cuts.  Fcp.  Svo.  price  5s. 

Pau  and  the  Pyrenees.  By  Count 
Henry  Russell,  Member  of  the  Alpine 
Club.  With  2 Maps.  Fcp.  Svo.  price  os. 

Scenes  in  the  Sunny  South;  In- 
cluding the  Atlas  Mountains  and  the  Oases 
of  the  Sahara  in  Algeria.  By  Lieut.-Col. 
the  Hon.  C.  S.  Vereker,  M.A.  Com- 
mandant of  the  Limerick  Artillery  Militia. 
2 vols.  post  8vo.  price  21s. 

Horn’s  of  Exercise  in  the  Alps. 

By  John  Tyndall,  LL.D.,  F.R.S.  Second 
Edition,  with  Seven  Woodcuts  by  E.  Whym- 
per.  Grown  8vo.  price  12s.  Gd. 

Travels  in  the  Central  Caucasus 

and  Bashan,  including  Visits  to  Ararat  and 
Tabreez  and  Ascents  of  Kazbek  and  Elbruz. 
By  Douglas  W.  Ekesiifield.  Square 
crown  8vo.  with  Maps,  &c.,  18s. 

Cadore  or  Titian’s  Country.  By 

Josiaii  Gilbert,  one  of  the  Authors  of  the 
‘Dolomite  Mountains.’  With  Map.  Fac- 
simile, and 40  Illustrations.  Imp.8vo. 31  s. Gd 


The  Playground  of  Europe.  By 

Leslie  Stephen,  late  President  of  the 
Alpine  Club.  With  4 Illustrations  on  Wood 
by  E.  Whymper.  Crown  Svo.  10s.  Gd. 

Westward  by  Hail ; the  Now  Route 
to  the  East.  By  W.  F.Rak.  Second  Edition, 
Post  Svo.  with  Map,  price  10s.  Gd. 

Zigzagging  amongst  Dolomites; 

with  more  than  300  Illustrations  by  the 
Author.  By  the  Author  of  ‘ How  we  Spent 
the  Summer.’  Oblong  4to.  price  15s. 

The  Dolomite  Mountains.  Excur- 
sions through  Tyrol,  Carinthia,  Carniola, 
and  Friuli.  By  J.  Gilbert  and  G.  C. 
Churchill,  F.R.G.S.  With  numerous 
Illustrations.  Square  crown  Svo.  21s. 

How  we  Spent  the  Summer;  or, 

a Voyage  en  Zigzag  in  Switzerland  and 
Tyrol  with  some  Members  of  the  Alpine 
Club.  Third  Edition,  re-drawn.  In  oblong 
4 to.  with  about  300  Illustrations,  15s. 

Pictures  in  Tyrol  and  Elsewhere. 
From  a Family  Sketch-Book.  By  the 
same  Author.  Second  Edition.  4to.'  with 
many  Illustrations,  21s. 
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Beaten  Tracks ; or,  Pen  and  Pencil 
Sketches  in  Italy.  By  the  Author  of  1 How 
ive  spent  the  Summer.’  With  42  Plates  of 
Sketches.  8vo.  lGs. 

The  Alpine  Chib  Map  of  the  Chain 

of  Mont  Blanc,  from  an  actual  Survey  in 
18(33— 18G4.  By  A.  Adams- Reilly, 
F.R.G.S.  M.A.C.  In  Chromolithography  on 
extra  stout  drawing  paper  28in.  x 17in. 
price  10s.  or  mounted  on  canvas  in  a folding 
case,  12s.  Gd. 

History  of  Discovery  in  our 

Australasian  Colonies,  Australia,  Tasmania, 
and  New  Zealand,  from  the  Earliest  Date  to 
the  Present  Day.  By  William  Howitt. 
2 vols.  8vo.  witli  3 Maps,  20s. 

Visits  to  Kemarkable  Places: 

Old  Halls,  Battle-Fields,  and  Scenes  illus- 
trative of  striking  Passages  in  English 
History  and  Poetry.  By  the  same  Author. 
2 vols.  square  crown  8vo.  with  Wood  En- 
gravings, 25s. 


Guide  to  the  Pyrenees,  for  the  use 

of  Mountaineers.  By  Ciiakles  Packe. 
Second  Edition,  with  Maps,  &c.  and  Appen- 
dix. Crown  8vo.  7s.  Gd. 

The  Alpine  Guide.  By  John  Ball, 
M.R.I.A.  late  President  of  the  Alpine  Club. 
Post  8vo.  with  Maps  and  other  Illustrations. 
Guide  to  the  Eastern  Alps,  price  lOs.Ctf. 
Guide  to  the  Western  Alps,  including 
Mont  Blanc,  Monte  Rosa,  Zermatt,  &c. 
price  Gs.  G d 

Guide  to  the  Central  Alps,  including 
all  the  Oberland  District,  price  7s.  Gd. 

Introduction  on  Alpine  Travelling  in 

general,  and  on  the  Geology  of  the  Alps, 
price  Is.  Either  of  the  Three  Volumes  or 
Parts  of  the  Alpine  Guide  maybe  had  with 
this  Introduction  prefixed,  price  Is.  extra 

The  Rural  Life  of  England. 

By  William  Howitt.  Woodcuts  by 
Bewick  and  Williams.  Medium  8vo.  12s.  Gd. 


Works  of  Fiction. 


Popular  Romances  of  the  Middle 

Ages.  By  George  W.  Cox,  M.  A.  Author 
of  ‘ The  Mythology  of  the  Aryan  Nations’ 
&c.  and  Eustace  Hinton  Jones.  Crown 
8vo.  10s.  Gd. 

Hartland  Forest ; a Legend  of  North 
Devon.  By  Mrs.  Bray,  Author  of  ‘The 
White  Hoods,’  ‘Life  of  Stothard,’  Sec.  Post 
8vo.  with  Frontispiece,  4s.  Gd. 

Novels  and  Tales.  By  the  Right 
Hon.  Benjamin  Disraeli,  M.P.  Cabinet 
Editions,  complete  in  Ten  Volumes,  crown 
8vo.  price  Gs.  each,  as  follows  : — 

Lotiiair,  Gs.  ' Venetia,  6s. 

Comngsby,  Gs.  | Alroy,  Ixion,  &c.  Gs. 

Sybil,  Gs.  I Young  Duke,  &c.  Gs. 

Tancred,  Gs.  Vivian  Grey,  Gs. 

Contarini  Fleming,  Ac.  Gs. 

Henrietta  Temple,  Gs. 

A Visit  to  my  Discontented  Cou- 
sin. Reprinted,  with  some  Additions,  from 
Fraser's  Magazine.  Crown  8vo.  price  is.Gd. 

Stories  and  Tales.  By  E.  M.  Sewell. 
Comprising  Amy  Herbert ; Gertrude ; the 
Earl's  Daughter  ; the  Experience  of  Life  ; 
Ore  Hall-,  Ivors ; Katharine  Ashton ; Mar- 
garet Percival ; Laneton  Parsonage  ; and 
Ursula.  The  Teh  Works  complete  in  Eight 
Volumes,  crown  8vo.  bound  in  leather  and 
contained  in  a Box,  price  Two  Guineas. 


Our  Children’s  Story.  By  One  of 

their  Gossips.  By.  the  Author  of  ‘ Voyage 
en  Zigzag,’  Ac.  Small  4to.  with  Sixty 
Illustrations  by  the  Author,  price  10s.  Gd 


Cabinet  Edition,  in  crown  8vo.  of 
Stories  and  Tales  by  Miss  Sewell  : — 

Katharine  Asiiton, 
3s.  Gd. 

Margaret  Perci- 
NAL,  5s. 

Laneton  Parson- 
age, 3s.  Gd. 
Ursula,  4s.  Gd. 


Amy  Herbert,  2s.  Gd. 
Gertrude,  2s.  Gd. 
Earl’s  Daughter, 
2s.  Gd. 

Experience  of  Life, 
2s.  Gd. 

Clkve  Hall,  3s.  Gd. 
Ivors,  3s.  Gd. 


A Glimpse  of  the  World.  Fcp.  7s.  Gd. 
Journal  of  a Home  Life.  Post  Svo.  9s.  Gd. 
After  Life ; a Sequel  to  the  ‘Journal  of  a Home 
Life.’  Post  8vo.  10s.  6d. 


The  Giant ; a Witch’s  Story  for  English 
Boys.  Edited  by  Miss  Sewell,  Author  of 
‘ Amy  Herbert,’  &c.  Fcp.  Svo.  price  5s. 


Uncle  Peter’s  Fairy  Tale  for  the  XIXth 
Century.  By  the  same  Author  and  Editor. 
Fcp.  8vo.  7s.  Gd. 

Wonderful  Stories  from  Norway, 

Sweden,  and  Iceland.  Adapted  and  arranged 
by  Julia  Goddard.  With  an  Introductory 
Essay  by  the  Rev.  G.  V\ . Cox,  M.A.  and 
Six  Illustrations.  Square  post  8vo.  Gs. 
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The  Modern  Novelist’s  Library. 

Each  Work,  in  crown  8vo.  complete  in  a 
Single  Volume : — 

Melville's  Gladiators,  2s. boards;  2s.  Gd. 
cloth. 

Goon  for  Nothing,  2s.  boards ; 

2s.  Gc7.  cloth. 

— — IIouiby  House,  2s.  boards ; 

2s.  Gd.  cloth. 

Interpreter,  2s.  boards ; 2s.  Gd. 

cloth. 

• Kate  Coventry,  2s.  boards ; 

2s.  Gd.  cloth. 

Queen’s  Maries,  2s.  boards; 

2s.  Gd.  cloth. 

Trollope’s  Warden,  Is.  Gd.  boards;  2s. 
cloth. 

Barciiester  Towers,  2s.  boards; 

2s.  Gd.  cloth. 

Brajiley-Moore’s  Six  Sisters  of  the 
Valleys,  2s.  boards;  2s.  6d.  cloth. 


Ierne  ; a Tale.  By  W.  Stefa  rt  Trench, 
Author  of  ‘ Realities  of  Irish  Life.’  Second 
Edition.  2 vols.  post  8vo.  price  21s. 

The  Home  at  Heatherbrao;  a 

Tale.  By  the  Author  of  ‘Everley.’  Fcp. 
8vo.  price  5s. 

Becker’S  Gallus  ; or,  Roman  Scenes  of 
the  Time  of  Augustus.  Post  8vo.  7s.  Gd. 
Becker’s  Charicles  : Illustrative  of 
Private  Life  of  the  Ancient  Greeks.  Post 
8vo.  7s.  Gd. 

Tales  of  Ancient  Greece.  By  George 
W.  Cox,  M.A.  late  Scholar  of  Trim  Coll 
Oxford.  Crown  8vo.  price  6s.  Gd. 
Cabinet  Edition  of  Novels  and 
Tales  by  G.  J.  Whyte  Melville: — 

Digby  Grand,  5s.  ITolsiby  House,  5s. 
Kate  Coventry,  5s  'Queen’s  Maries,  Cs. 
General  Bounce,  5s.  Tiie  Interpreter,  5*. 
Good  for  Nothing,  price  Os. 


Poetry  and 

A Vision  of  Creation;  a Poem. 

With  an  Introduction,  Geological  and  Cri- 
tical. By  CUTIIBERT  C'OLLINGWOOD,  M.A. 
and  B.M.  Oxon.  F.L.S.  &e.  Author  of 
* Rambles  of  a Naturalist  on  the  Shores  and 
Waters  of  the  China  Seas  ’ ifcc.  Crown  8vo. 
price  7s.  Gd. 

The  Story  of  Gautama  Buddha 

and  his  Creed ; an  Epic.  By  Richard 
Phillips.  Square  fcp.  8vo.  6s. 

Ballads  and  Lyrics  of  Old  France; 

with  other  Poems.  By  A.  Lang,  Fellow  of 
Merton  College,  Oxford.  Square  fcp.  8vo. 
price  5s. 

Songs  of  the  Sierras.  By  Joaquin 
Miller.  New  Edition,  levised  by  the 
Author.  Fcp.  8vo.  6s. 

Thomas  Moore’s  Poetical  Works, 

with  the  Author’s  last  Copyright  Addi-  | 
tions  : — 

Shamrock  Edition,  price  os.  Gd. 

People’s  Edition,  square  cr.  8vo.  10s.  Gd. 
Library  Edition,  Portrait  & Vignette,  14s. 

Moore’s  Lalla  Rookh,  Tenmel’s  Edi- 
tion, with  68  Wood  Engravings  from 
Original  Drawings  and  other  Illustrations. 
Fcp.  4to.  21s. 

Moore’s  Irish  Melodies,  Maelise’s 
Edition,  with  161  Steel  Plates  from  Original 
Drawings.  Super-royal  8vo.  31s.  Gd. 
Miniature  Edition  of  Moore’s  Irish 
Melodies,  with  Maclise’s  Illustrations  (as 
above),  reduced  in  Lithography.  Imp. 
16mo.  10s.  Gd. 


The  Drama. 

Southey’s  Poetical  Works,  with 
the  Author’s  last  Corrections  and  copyright 
Additions.  Library  Edition.  Medium  8vo. 
with  Portrait  and  Vignette,  14s. 

Lays  of  Ancient  Rome  ; with  h>ry 
and  the  Armada.  By  the  Right  Hon.  Lord 
Macaulay.  16mo.  4s.  Gd. 

Lord  Macaulay’s  Lays  of  Ancient 
Rome.  With  90  Illustrations  on  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  G.  Scn.VRF.  Fcp.  4to.  21s. 
Miniature  Edition  of  Lord  Macaulay’s 
Lays  of  Ancient  Rome,  with  Scharfs 
Illustrations  (as  above)  reduced  in  Litho- 
graphy. Imp.  16mo.  10s.  Gd. 

Goldsmith’s  Poetical  Works,  Illus- 
trated with  Wood  Engravings  from  Designs 
by  Members  of  the  Etching  Club.  Imp. 
16mo.  7s.  Gd. 

John  Jerningham’s  Journal.  Fop. 

8vo.  price  3s.  Gd. 

The  Mad  War  Planet,  and  other 

Poems.  By  William  IIowitt,  Author  of 
‘Visits  to  Remarkable  Places,’  &c.  Fcp. 
Svo.  price  5s. 

Eueharis  ; a Poem.  By  F.  Reginald 
Statiiam  (Francis  Reynolds),  Author  of 
‘Alice  Eushton,  and  other  Poems’  and 
‘Glaphyra,  and  other  Poems.’  Fop.  8vo. 
price  3s.  Gd. 

Poems  of  Bygone  Years.  Edited 
by  the  Author  of  ‘Amy  Herbert.’  Fcp. 
8vo.  5s. 
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Poems.  By  Jean  Inge low.  Fifteenth 
Edition.  Fcp.  8vo.  5s. 

Poems  by  Jean  Ingelow.  With 
nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  Dalziel 
Brothers.  Fcp.  4to.  21s. 

A Story  of  Doom,  and  other  Poems. 
By  Jean  Ingelow.  Third  Edition.  Fcp. 
price  5s. 

i 

Bowdler’s  Family  Shakspeare, 

cheaper  Genuine  Edition,  complete  in  1 vol.  I 
large  type,  with  36  Woodcut  Illustrations, 
price  1-1  s.  or  in  G pocket  vols.  3s.  6d.  each. 


Horatii  Opera,  Library  Edition,  with 
Copious  English  Notes,  Marginal  References 
and  Various  Readings.  Edited  by  the  Rev. 
J.  E.  Yonge,  M.A.  8vo.  21s. 

The  iEneid  of  Virgil  Translated  into 
English  Verse.  By  John  Conington,  M.A. 
Corpus  Professor  of  Latin  in  the  University 
of  Oxford.  New  Edition.  Crown  8vo.  9s. 

Works  by  Edward  Yardley  :— 

Fantastic  Stobies,  fcp.  3s.  G d. 

Melusine  and  oilier  Poems,  fcp.  5s. 
Horace's  Odes  translated  into  English 
Verse,  crown  8vo.  Gs. 

Supplementary  Stories  and  Poems, 
fcp.  3s.  C d. 


Rural  Sports  &c. 


Encyclopaedia  of  Rural  Sports  ; 

a Complete  Account,  Historical,  Practical, 
and  Descriptive,  of  Hunting,  Shooting, 
Fishing,  Racing,  &c.  By  D.  P.  Blaine. 
With  above  GOO  Woodcuts  (20  from  Designs 
by  John  Leech).  8vo.  21s. 

The  Dead  Shot,  or  Sportsman’s  Com- 
plete Guide ; a Treatise  on  the  Use  of  the 
Gun,  Dog-breaking,  Pigeon-shooting,  See.  j 
By  MaricsMan.  Pep.  with  Plates,  5s. 

A Book  on  Angling:  being  a Com-  j 
plete  Treatise  on  the  Art  of  Angling  in 
every  branch,  including  full  Illustrated  i 
Lists  of  Salmon  Flies.  By  Francis  Francis. 
New  Edition,  with  Portrait  and  15  other  j 
Plates,  plain  and  coloured.  Post  8vo.  15s.  j 

Wileocks’s  Sea- Fisherman:  com- 
prising the  Chief  Methods  of  Hook  and  Line 
Fishing  in  the  British  and  other  Seas,  a 
glance  at  Nets,  and  remarks  on  Boats  and 
Boating.  Second  Edition,  enlarged,  with  [ 
80  Woodcuts.  Post  8vo.  12s.  Cal. 

The  Fly- Fisher’s  Entomology. 

By  Alfred  Ronalds.  With  coloured 
Representations  of  the  Natural  and  Artifi- 
cial Insect.  Sixth  Edition,  with  20  coloured 
Plates.  8vo.  14s. 

The  Book  of  the  Roach.  By  Gre- 
ville  Fennell,  of  ‘ The  Field.’  Fcp.  8vo. 
price  2s.  (id. 

Horses  and  Stables.  By  Colonel 
F.  Fitzwygram,  XV.  the  King’s  Hussars. 
With  24  Plates  of  Woodcut  Illustrations, 
containing  very  numerous  Figures.  8vo.  15s. 

The  Ox,  his  Diseases  and  their  Treat- 
ment ; with  an  Essay  on  Parturition  in  the 
Cow.  By  J.  R.  Dobson,  M.R.CA  .S.  Crown 
8vo.  with  Illustrations,  7s.  G d. 


A Treatise  on  Horse-shoeing  and 

Lameness.  By  Joseph  Gamgee,  Veteri- 
nary Surgeon,  formerly  Lecturer  on  the 
Principles  and  Practice  of  Farriery  in  the 
New  Veterinary  College,  Edinburgh.  8vo., 
with  55  Woodcuts,  15s. 

Blaine’s  Veterinary  Art : a Treatise 
on  the  Anatomy,  Physiology,  and  Curative 
Treatment  of  the  Diseases  of  the  Horse, 
Neat  Cattle,  and  Sheep.  Seventh  Edition, 
revised  and  enlarged  by  C.  Steel.  8vo. 
with  Plates  and  Woodcuts,  18s. 

Youatt  on  the  Horse.  Revised  and 

enlarged  by  W.  Watson,  M.R.C.V.S.  8yo. 
with  numerous  Woodcuts,  12s.  Gd. 

Youatt  on  the  Dog.  (By  the  same  Author.) 
8yo.  with  numerous  Woodcuts,  Gs. 

The  Dog  in  Health  and  Disease 

By  Stonehenge.  With  70  Wood  En- 
gravings. New  Edition.  Square  crown 
8vo.  10s.  Gd. 

The  Greyhound.  By  the  same  Author. 
Revised  Edition,  with  24  Portraits  of  Grey- 
hounds. Square  crown  8vo.  10s.  Gd. 

The  Horse’s  Foot,  and  how  to  keep 

it  Sound.  By  W.  Miles,  Esq.  Ninth  Edi- 
tion, with  Illustrations.  Imp.  8vo.  12s.  Gd. 

A Plain  Treatise  on  Horse-shoeing.  By 

the  same  Author.  Sixth  Edition,  post  8vo. 
with  Illustrations,  2s.  Gd. 

Stables  and  Stable  Fittings.  By  the  same. 
Imp.  8vo.  with  13  Plates,  15s. 

Remarks  on  Horses’  Teeth,  addressed  to 

Purchasers.  By  the  same.  Post  Svo.  Is.  Gd 
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Works  of  Utility  and 


The  Law  of  Nations  Considered 

as  Independent  Political  Communities.  By 
Sir  Tkavbbs  Twiss,  D.C.L.  2 vols.  8vo. 
30s.  or  separately,  Part  I Peace,  12s. 
Part  II.  War,  18s. 


The  Theory  and  Practice  of 

Banking.  By  Henry  Dunning  Macleod, 
M.A.  Barrister-at-Law.  Second  Edition, 
entirely  remodelled.  2 vols.  8vo.  30s. 

M'Culloeh’s  Dictionary,  Prac- 
tical, Theoretical,  and  Historical,  of  Com- 
merce and  Commercial  Navigation.  New 
Edition,  revised  throughout  and  corrected 
to  the  Present  Time;  with  a Biographical 
Notice  of  the  Author.  Edited  by  II.  G. 
Reid,  Secretary  to  Mr.  M'Culloch  for  many 
years.  8vo.  price  G3s.  cloth. 

Modern  Cookery  for  Private 

Families,  reduced  to  a System  of  Easy 
Practice  in  a Series  of  carefully-tested  Re- 
ceipts. By  Eliza  Acton.  Newly  revised 
and  enlarged ; with  8 Plates,  Figures,  and 
150  Woodcuts.  Fop.  Gs. 


A Practical  Treatise  on  Browing ; 

with  Formula  for  Public  Brewers,  and  In- 
structions for  Private  Families.  By  W. 
Black.  Fifth  Edition.  8vo.  10s.  Gd. 


Maunder’s  Treasury  of  Know- 
ledge and  Library  of  Reference : comprising 
an  English  Dictionary  and  Grammar,  Uni- 
versal Gazetteer,  Classical  Dictionary, 
Chronology,  Law  Dictionary,  Synopsis  of 
the  Peerage,  Useful  Tables,  &c.  Fcp.  6s. 

Chess  Openings.  By  E.  W. Longman, 
Balliol  College,  Oxford.  Fcp.  8vo.  2s.  Gel. 

Hints  to  Mothers  on  the  Manage- 
ment of  their  Health  during  the  Period  of 
Pregnancy  and  in  the  Lying-in  Room.  By 
Thomas  Bull,  M.D.  Fcp.  os. 

The  Maternal  Management  of 

Children  in  Health  and  Disease.  By  Thomas 
Bull,  M.D.  Fcp.  5s. 


General  Information. 

The  Cabinet  Lawyer ; a Popular 
Digest  of  the  Laws  of  England,  Civil, 
Criminal,  and  Constitutional.  Twenty-third 
Edition,  corrected  and  brought  up  to  the 
Present  Date.  Fcp.  8vo.  price  7s.  G d. 

How  to  Nurse  Sick  Children; 

containing  Directions  which  may  be  found 
of  service  to  all  who  have  charge  of  the 
Young.  By  Charles  West,  M.D.  Second 
Edition.  Fcp.  8vo.  Is.  Gd. 

Notes  on  Lying-In  Institutions ; 

with  a Proposal  for  Organising  an  Institu- 
tion for  Training  Midwives  and  Midwifery 
Nurses.  By  Florence  Nightingale. 
With  5 Plans.  Square  crown  8vo.  7s.  Gd. 

Notes  on  Hospitals.  By  Florence 
Nightingale.  Third  Edition,  enlarged  ; 
with  13  Plans.  Post  4to.  18s. 

Collieries  and  Colliers : a Handbook 
of  the  Law  and  Leading  Cases  relating 
thereto.  By  J.  C.  Fowler,  Barrister. 
Second  Edition.  Fcp.  8vo.  7s.  Gd. 

Coulthart’s  Decimal  Interost 

Tables  at  Twenty-four  Different  Rates  not 
exceeding  Five  per  Cent.  Calculated  for  the 
use  of  Bankers.  To  which  are  added  Com- 
mission Tables  at  One-eighth  and  One- 
fourth  per  Cent.  8vo.  15s. 

Willich’s  Popular  Tables  for  As- 
certaining the  Value  of  Lifehold,  Leasehold, 
and  Church  Property,  Renewal  Fines,  &c. ; 
the  Public  Funds  ; Annual  Average  Price 
and  Interest  on  Consols  from  1731  to  1867  ; 
Chemical,  Geographical,  Astronomical, 
Trigonometrical  Tables,  &c.  Post  8vo.  10s. 

Pewtner’s  Comprehensive  Speci- 
fier; a Guide  to  the  Practical  Specification 
of  every  kind  of  Building-Artificer’s  Work  : 
with  Forms  of  Building  Conditions  and 
Agreements,  an  Appendix,  Foot-Notes,  and 
Index.  Edited  by  W.  Young.  Architect. 
Crown  8vo.  Gs. 


Periodical  Publications. 


The  Edinburgh  Review,  or  Cri- 
tical Journal,  published  Quarterly  in  Janu- 
ary, April,  July,  and  October.  8vo.  price 
Gs.  each  Number. 

Notes  on  Books  : An  Analysis  of  the 
Works  published  during  each  Quarter  by 
Messrs.  Longmans  & Co.  The  object  is  to 
enable  Bookbuyers  to  obtain  such  informa- 
tion regarding  the  various  works  as  is  usu- 
ally afforded  by  tables  of  contents  and  ex- 
planatory prefaces.  4to.  Quarterly.  Gratis. 


Fraser’s  Magazine.  Edited  by  James 
Anthony  Froude,  M.A.  New  Series, 
published  on  the  1st  of  each  Month.  8vo. 
price  2s.  Gd.  each  Number. 

The  Alpine  Journal ; A Record  of 
Mountain  Adventure  and  Scientific  Obser- 
vation. By  Members  of  the  Alpine  Club. 
Edited  by  Leslie  Stephen.  Published 
Quarterly.  May  31,  Aug.  31,  Nov.  30,  Feb. 
28.  Svo.  price  Is.  Gd.  each  Number. 
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Knowledge  for  the  Young. 


TkeStepping  Stone  toKnowledge: 

Containing  upwards  of  Seven  Hundred 
Questions  and  Answers  on  Miscellaneous 
Subjects,  adapted  to  the  capacity  of  Infant 
Minds.  By  a Mother.  New  Edition, 
enlarged  and  improved.  18mo.  price  Is. 

The  Stepping  Stone  to  Geography: 
Containing  several  Hundred  Questions  and 
Answers  on  Geographical  Subjects.  18mo.  Is. 
The  Stepping  Stone  to  English  History: 
Containing  several  Hundred  Questions  and 
Answers  on  the  History  of  England.  Is. 

The  Stepping  Stone  to  Bible  Know-  j 

ledge  : Containing  several  Hundred  Ques- 
tions and  Answers  on  the  Old  and  New  j 
Testaments.  18mo.  Is. 

The  Stepping  Stone  to  Biography: 

Containing  several  Hundred  Questions  and 
Answers  on  the  Lives  of  Eminent  Men  and 
Women.  18mo.  Is. 


Second  Series  of  the  Stepping 

Stone  to  Knowledge:  containing  upwards 
of  Eight  Hundred  Questions  and  Answers 
on  Miscellaneous  Subjects  not  contained  in 
the  First  Series.  18mo.  Is. 

The  Stepping  Stone  to  French  Pronun- 
ciation and  Conversation  : Containing  seve- 
ral Hundred  Questions  and  Answers,  liv 
Mr.  P.  Sadler.  18mo.  Is. 

The  Stepping  Stone  to  English  Gram- 
mar: Containing  several  Hundred  Questions 
and  Answers  on  English  Grammar.  l$v 
Sir.  P.  Sadler.  18mo.  Is. 

The  Stepping  Stone  to  KaturalHistory. 
Vertebrate  or  Backboned  Animals. 
Part  I.  Mammalia  ; Part  II.  Birds,  Rep- 
tiles, Fishes.  18mo.  Is.  each  Part. 


INDEX 


Acton’s  Modern  Cookery 

Allies  on  Formation  of  Christendom 

Allen's  Discourses  of  Chrysostom  

Alpine  Guide  (The)  

Journal  

Arnold’s  Manual  of  English  Literature  . . 

Authority  and  Conscience  

Autumn  Holidays  of  a Country  Parson  .... 
A vue's  Treasury  of  Bible  Knowledge 


Bacon’s  Essays  by  Whately  

Life  and  Letters,  by  Spedding  .. 

Works 

Bain’s  Mental  and  Moral  Science  

on  the  Senses  and  Intellect 

Ball’s  Guide  to  the  Central  Alps 

Guide  to  the  Western  Alps 

Guide  to  the  Eastern  Alps  

Bayldon’s  Bents  and  Tillages  

Beaten  Tracks  

Becker’s  Charicles  and  Gallus 

Bexfey  s Sanskrit-Englisli  Dictionary 

Bernard  on  British  Neutrality  

Bisset  on  Historical  Truth 

Black’s  Treatise  on  Brewing 

Blackley’s  German-English  Dictionary  . 

Blaine’s  Rural  Sports 

Veterinary  Art 

Bloxam’8  Metals .7 

Boom’s  Saint-Simon 

Boultbee  on  39  Articles ! 

Bourne  bn  Screw  Propeller [ 

’s  Catechism  of  the  Steam  Engine'.'. 

Examples  of  Modern  Engines  .7 

Handbook  of  Steam  Engine  .... 

Treatise  on  the  Steam  Engine. . . . 

Improvements  in  the  same .'.' 

Bowdler’s  Family  Shaksi>eare ’ 

Boyd’s  Reminiscences  

B ram  ley- Moore’s  Six  Sisters  ofthc  Valley 
I>ra.nde  s Dictionary  of  Science, Literature 

and  Art ’ 

Bray  s Manual  of  Anthropology 

Philosophy  of  Necessity  .......... 

On  Force 


-(Mrs.)  Hartland  Forest 

Browne’s  Exposition  of  the  39  Articles 

Brunel’s  Life  of  Brunel  " 

Buckle’s  History  of  Civilisation 
Bull’s  Hints  to  Mothers 

— Maternal  Management  of  Children ' 

Bunsen  s God  in  History 

Prayers  " 

Burke’s  Vicissitudes  of  Families 

Burton’s  Christian  Church  ... 
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Cabinet  Lawyer: 

Campbell’s  Norway 

Carnota's  Memoirs  of  Pumbal 

Cates’s  Biographical  Dictionary 

and  Woodward’s  Encyelopoedia 

Cats  and  Farlie’s  Moral  Emblems  

Changed  Aspects  of  Unchanged  Truths  .... 

Ciiesney’s  Indian  Polity  

Waterloo  Campaign  

Chorale  Book  for  England  

Christ  the  Consoler 

Clough’s  Lives  from  Plutarch 

Colenso  (Bishop)  on  Pentateuch  and  Book 

of  Joshua 

Colling  wood’s  \ ision  of  Creation 

Commonplace  Philosopher  in  Town  and 

Country  

Conington’s  Translation  of  Virgil’s  /Eneid 
Contanseau’s  Two  French  Dictionaries.. 
CoNYBEABEandIHowsoN’sLifeand  Epistles 

of  St.  Paul  

CoorER’s  Surgical  Dictionary 

Copland's  Dictionary  of  Practical  Medicine 
CouLTnART’s  Decimal  Interest  Tables  .... 
Cuunsei  and  Comfort  from  a Cily  Pulpit 

Cox’s  (G.  W.)  Aryan  Mythology  

Talc  of  the  Great  Persian  War 

Tales  of  A ncient  Greece  .... 

and  Jones’s  Popular  Ro- 
mances   

Cresy’s  Encyclopaedia  of  Civil  Engineering 

Critical  Essays  of  a Country  Parson 

Crookes  on  Beet-Root  Sugar ' ’ 

’s  Chemical  Analysis 

Culley’s  Handbook  of  Telegraphy 

Cusack’s  Student’s  History  of  Ireland  ! . '. . 


D’Aubigne’s  History  of  the  Reformation  in 

the  time  of  Calvin 

Davidson’s  Introduction  to  New  Testament 

Dead  Shot  (The),  by  Marksman  

De  la  Riye’s  Treatise  on  Electricity  . . 

Denison’s  Vice- Regal  Life  . . . , 

Disraeli  s Lord  George  Bentinck  

Novels  and  Tales 

Dobson  on  the  Ox  ’ 

Dove’s  Law  of  Storms  

Doyle’s  Fairyland 7 .7 

Drew’s  Reasons  for  Faith  

Dyer’s  City  of  Rome 7 


Eastlake’s  Gothic  Revival  

Hints  or.  Household  Taste 

Edinburgh  Review  

Elements  of  Botany  
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Ellicott  on  New  Testament  Revision .... 

’s  Commentary  on  Ephesians  .... 

Galatians  .... 

Pastoral  Epist. 

Pliilippians,&c. 

■ — — Thessaloniaus 

’s  Lectures  on  Life  of  Christ  .... 

Ewald’s  History  of  Israel  


Pairbaikn’s  Application  of  Cast,  and 

Wrought  Iron  to  Building  

Information  for  Engineers  .... 

Treatise  on  Mills  and  Millwork 

Iron  Shipbuilding  

Faraday's  Life  and  Letters  

Farrar’s  Chapters  on  Language 

Families  of  Speech 

Fell ix  on  Hosiery  & Lace  Manufactures.. 

Fennel’s  Book  of  the  Roach 

Fitzwygram  on  Horses  and  Stables  

Fowler’s  Collieries  and  Colliers  

Francis's  Fishing  Book  

Fraser’s  Magazine 

Fresh  field’s  Travels  in  the  Caucasus 

Froude’s  History  of  England  

Short  Studies  


Gamgee  on  Horse-Shoeing 

Ganot’s  Elementary  Physics 

Natural  Philosophy 

Giant  (The)  

Gilbert’s  Cadore  

■ and  Churchill's  Dolomites  . . . . 

Girdlestone’s  Bible  Synonyms  

Girtin's  House  I Live  In  

Gledstone’s  Life  of  Whitefield 

Goddard’s  Wonderful  Stories  

Goldsmith's  Poems,  Illustrated 

Goodeye’s  Mechanism 

Graham’s  Autobiography  of  Milton 

View  of  Literature  and  Art  .... 

Grant’s  Ethics  of  Aristotle 

Home  Politics 

Graver  Thoughts  of  a Country  Parson 

Gray’s  Anatomy 

Geeenhow  on  Bronchitis  

Griffin's  Algebra  and  Trigonometry  .... 

Griffith's  Fundamentals 

Grove  on  Correlation  of  Physical  Forces  . . 
Gurney’s  Chapters  of  French  History  .... 
Gwilt’s  Encyclopedia  of  Architecture 


Hampden’s  (Bishop)  Memorials  

Hare  on  Election  of  Representatives  

Hartwig’s  Harmonies  of  Nature 

■ Polar  World  

Sea  and  its  Living  Wonders. . . . 

Subterranean  World 

Tropical  World 

Herschel’s  Outlines  of  Astronomy 

Hewitt  on  the  Diseases  of  Women 

Hodgson’s  Time  and  Space 

Theory  of  Practice  

Holland’s  Recollections 

Holmes’s  Surgical  Treatment  of  Children.. 

System  of  Surgery 

Home  (The)  at  Heatlicrbrae  


Horne's  Introduction  to  the  Scriptures  ..  14 

How  we  Spent  the  Summer 15 

Howitt’s  Australian  Discovery 10 

Mad  War  Pinnet 17 

Rural  Life  of  England 16 

— Visits  to  Remarkable  Places  ....  16 

Hubxer's  Pope  Sixtus 4 

Hughes’s  Manual  of  Geography  8 

Hume’s  Essays 7 

Treatise  on  Human  Nature 7 

Ihne’s  History  of  Rome  2 

Ixgelow’s  Poems  is 

Story  of  Doom 18 

J ameson’s  Legends  of  Saints  and  Martyrs . . 11 

Legends  of  the  Madonna 11 

Legends  of  tire  Monastic  Orders  1 1 

Legends  of  the  Saviour 11 

Jardine’s  Christian  Sacredotalism  13 

John  Jerningham’s  Journal 17 

Johnston’s  Geographical  Dictionary 8 

Jones’s  Royal  Institution  4 

Kalisch’s  Commentary  on  the  Bible 5 

Hebrew  Grammar 5 

Keith  on  Destiny  of  the  World 14 

: — Fulfilment  of  Prophecy 11 

Kerl’s  Metallurgy,  by  Crookes  and 

Rohrig  13 

Kirby  and  Spence’s  Entomology 9 

Lang’s  Ballads  and  Lyrics 17 

Latham’s  English  Dictionary 5 

Lecky’s  History  of  European  Morals 3 

Rationalism 3 

Leaders  of  Public.Opinion 4 

Leisure  Hours  in  Town 6 

Lessons  of  Middle  Age  G 

Lewes’s  Biographical  History  of  Philosophy  3 
Liddell  and  Scott’s  Greek-Englisli  Lexicon  6 

Abridged  ditto  6 

Life  of  Man  Symbolised 11 
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Macaulay’s  (Lord)  Essays 3 
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Speeches  5 

Works 1 
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Maguire’s  Life  of  Father  Mathew 4 

Pius  IX u 

Malet’s  Overthrow  of  the  Germanic  Con- 
federation   2 

Malle  son’s  Recreations  of  an  Indian 

Official o 

Manning’s  England  and  Christendom  ....  14 

Marshall’s  Physiology 11 

Marshman’s  History  of  India  2 

Life  of  Havelock  4 

Martixeau’s  Endeavours  after  the  Chris- 
tian Life  15 

Massingberd’s  History  of  the  Reformation  3 

Mathew’s  on  Colonial  Questions 5 

Maunder’s  Biographical  Treasury 4 

- Geographical  Treasury 8 

Historical  Treasury  3 

Scientific  and  Literary  Treasury  9 

Treasury  of  Knowledge 19 

Treasury  of  Natural  History  . . 9 

Maxwell’s  Theory  of  Heat S 

May’s  Constitutional  History  of  England. . 1 

Melville’s  Digby  Grand 17 

General  Bounce  17 

Gladiators 17 

Good  for  Nothing  17 

Ilohnby  House 17 

Interpreter  17 

Kate  Coventry 17 

— Queen’s  Maries  17 

Mendelssohn's  Letters  4 

Merivale’s  Pall  of  the  Roman  Republic  ..  2 

Romans  under  the  Empire  2 

Merrifield’s  Arithmclicnnd  Mensuration  8 

— and  Evers’s  Navigation  ..  7 

Meteyaed’s  Group  of  Englishmen 4 

Miles  on  Horse's  Foot  and  Horse  Shoeing.  18 

on  Horses’  Teeth  and  Stables  IS 

Mill  (J.)  on  the  Mind 4 

Mill  ( J.  S.)  on  Liberty 4 

Subjection  of  Women  4 

on  Representative  Government  4 

on  Utilitarianism  4 

’s  Dissertations  and  Discussions 4 

Political  Economy  4 

System  of  Logic 5 

Hamilton’s  Philosophy  4 

Miller’s  Elements  of  Chemistry 10 

Inorganic  Chemistry  8 
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Songs  of  the  Sierras  17 

Mitchell’s  Manual  of  Architecture  12 
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Moore’s  Irish  Melodics 


Ilis  Presence  not  his  Memory. . 
‘ Spiritual  Songs  ’ 


Lalla  Rookh  17 

Poetical  Works 17 

Morell's  Elements  of  Psychology  ' ' 7 

Morell’s  Mental  Philosophy !!!!!!!!  7 

.Mi-u.EK's  (Max)  Chips  from  a German 
orkshop 
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Nash's  Compendium  of  Hie  Prayer-Book  . . 13 
New  Testament  Illustrated  with  Wood  En- 


gravings from  the  Old  Masters  ; n 

Newman’s  History  of  his  Religious  Opinions  4 
JNIG'HTIXGALE’S  Notes  on  Hospitals  19 


‘ Lying-In  Institu- 
tions   

Nilsson’s  Scandinavia <» 

K ortucott  on  Laihes  and  Turning  12 

Notes  011  Books in 


Odlixg’s  Animal  Chemistry  10 

' Course  of  Practical  Chemistry  ..  10 

Outlines  of  Chemistry  10 

O’Driscoll’s  Memoir  of  Maclisc 3 

Our  Children’s  Story 43 

Owen’s  Comparative  Anatomy  and  Physio- 
logy of  Vertebrate  Animals 9 

Lectures  011  the  Invertebrate 9 


Packe’s  Guide  to  the  Pyrenees ii; 
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Phillips’s  Story  of  Buddha  17 
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Prend  erg  AST’s  Mastery  of  Languages  ....  s 
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Present-Day  Thoughts,  by  A.  K.  II.  B is 

Proctor’s  Astroinomical  Essays s 

• New  Star  Atlas  7 

Plurality  of  Worlds 8 

— Saturn  7 

Scientific  Essays  g 

Sun 7 
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Rae’s  Westward  by  Rail 
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REicnEL’s  See  of  Rome 

Reilly’s  Map  of  Mont  Illanc 

Rivers’s  Rose  Amateur’s  Guide  

Rogers’s  Correspondence  of  Greysou 

Eclipse  of  Faith  ! 

Defence  of  Faith 

Roget’s  Thesaurus  of  English  Words  and 
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Sewell's  Passing  Thoughts  on  Religion  . . 15 

• Poems  of  liygone  Years  17 

Preparation  for  Communion  ....  15 

Principles  of  Education  15 

Readings  for  Confirmation 15 

Readings  for  Lent 15 

Examination  for  Confirmation  . . 15 

Stories  and  Tales  16 

Thoughts  for  the  Age  15 

Thoughts  for  the  Holy  Week  — 15 

Short’s  Church  nistory 3 

Smart’s  Walker’s  English  Dictionaries  ..  5 

Smith’s  Paul’s  Voyage  and  Shipwreck  — 14 

(Sydney)  Lite  and  Letters  3 

Miscellaneous  Works  ..  6 

Wit  and  Wisdom  6 

SotJTnEY’s  Doctor 5 

Poetical  AVorks 17 

Stanley’s  History  of  British  Birds 9 

Statiiam’s  Eucharis 17 

Stephen’s  Ecclesiastical  Biography  4 

— Playground  of  Europe  15 

Stepping-Stone  to  Knowledge,  & c 20 

Stirling’s  Sccre't  of  llegel 7 

Sir  AVili.iam  Hamilton 7 

Stonehenge  on  the  Dog 18 

on  the  Greyhound IS 

Strickland’s  Queens  of  England  4 

Sunday  Afternoons  at  the  Parish  Church  of 
a Scottish  University  City  G 

Taylor’s  History  of  India 2 

(Jeremy)  AVorks,  edited  by  Eden  14 

Text-Books  of  Science 8 

Thirlw all’s  History  of  Greece  2 

Thomson’s  Laws  of  Thought 5 

New  AVorld  of  Being 7 

Todd  (A.)  on  Parliamentary  Government . . 1 

and  Bowman’s  Anatomy  and  Phy- 
siology of  Man  11 

Trench’s  Ierne  17 

Realities  of  Irish  Life  2 

Trollope’s  Barchester  Towers 17 

Warden  17 

Twiss’s  Law  of  Nations 19 

Tyndall’s  Diamagnetism  8 

Faraday  as  a Discoverer 4 

Fragments  of  Science 8 

Hours  of  Exercise  in  the  Alps . . 15 

Lectures  on  Electricity 8 

Lectures  on  Light  8 

Lectures  on  Sound  8 

Heat  a Mode  of  Motion 8 

Molecular  Physios  10 


Ueberweg’s  System  of  Logic  7 


Uncle  Peter’s  Fairy  Tale  16 

Ure’s  Dict  ionary  of  Arts,  Manufactures,  and 
Mines  12 

Van  Der  Hceven’s  Handbook  of  Zoology. . 9 

Vereker’s  Sunny  South 15 

A’isit  to  my  Discontented  Cousin  16 

A’ogan’s  Doctrine  of  the  Euchrist  13 

Walcott’s  Traditions  of  Cathedrals 0 

AA’atson’s  Geometry  8 

■ Principles  and  Practice  of  Physic  10 

I Watts’s  Dictionary  of  Chemistry 10 

AVebb’s  Objects  for  Common  Telescopes. . . . 7 

AArEBSTER  & AViLkinson’s  Greek  Testament  14 

AA’ellington-’s  Life,  by  Gleig 4 

AA’est  on  Children's  Diseases  10 

on  Children's  Nervous  Disorders  ....  10 

- — —on  Nursing  Sick  Children  19- 

Whately’s  English  Synonymes  5 

Logic 5 

Rhetoric 5 

AVitite  and  Riddle’s  Latin  Dictionaries  . . 5 

AVilcocks’s  Sea  Fisherman 18 

AVilliams’s  Aristotle’s  Ethics  5 

AATlliams  on  Climate  of  South  of  France. . 10 

Consumption 10 

AVillich’s  Popular  Tables  19 

AVillis’s  Principles  of  Mechanism  12 

AVinslow  on  Light 9 

AA'ood’s  (J.  G.)  Bible  Animals 9 

Homes  without  Hands  ....  9 

Insects  at  Home  9 

Strange  Dwellings  9 

• (T.)  Chemical  Notes  10 

Yardley’8  Poetical  AVorks . .V 18 

Yonge’s  History  of  England 1 

English-Greek  Lexicons  6 

Horace  18 
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